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Abstract 
Preparative And Mechanistic Aspects Of Palladium-Catalyzed Cross-Coupling Reactions Of 
Alkali-Metal Arylsilanolates 
 
Russell C. Smith, Ph.D. 
Department of Chemistry 
University of Illinois, Urbana-Champaign, 2010 
Scott E. Denmark, Advisor 
 
 The development of alkali-metal arylsilanolates as notable organometallic reagents for 
the preparation of biaryls has been realized through in depth mechanistic and preparative studies. 
The alkali-metal salts (potassium and sodium) of a large number of arylsilanols undergo smooth 
cross-coupling with a wide range of aromatic bromides and chlorides.  The critical feature for the 
success of these coupling reactions and their considerable scope is the use of bis(tri-tert-
butylphosphine)palladium.  Additionally, these studies have identified the use of phosphine 
oxides (e.g. triphenylphosphine oxide) as useful ligands for palladium-catalyzed cross-coupling 
reactions.  This serendipitous discovery was founded on kinetic experiments which revealed a 
significant rate enhancement employing these species as ligands for palladium.  Later, these 
ligands were implemented in the reaction of arylsilanolates for the preparation of biaryl products. 
The mechanism of palladium-catalyzed cross-coupling reactions of alkali-metal 
organosilanolates has also been investigated. Under catalysis by (t-Bu3P)2Pd, the coupling with 
aryl bromides displays the following rate equation: rate = kobs[R3SiOK]0[ArylBr]0, with kobs = 
k[(t-Bu3P)2Pd]0.98. An independent study of the individual steps of the catalytic cycle has 
revealed a dual mechanistic pathway. The transmetalation can occur by a thermal process via an 
8-Si-4 intermediate without the need for anionic activation. Additionally, arylsilanolates can 
serve as activators for transmetalation via a hypervalent 10-Si-5 siliconate intermediate.  The 
 iii 
independent isolation of the putative arylpalladium(II) arylsilanolate intermediate has confirmed 
the generation of the Pd-O-Si linkage prior to transmetalation.  The unique opportunity to isolate 
a pretransmetalation intermediate has allowed the transmetalation step to be further refined 
through a detailed Hammett analysis which has demonstrated that increased electron-density 
about the arylsilanolate nucleophile increases the rate of coupling.  Furthermore, a number of 
alkenyl- and arylsilanolate pretransmetalation species have been isolated with various ligands in 
attempts to identify the critical features of the cross-coupling of this class of organonucleophiles. 
  
 
 iv 
Acknowledgements 
 
 Throughout my academic career, a number of individuals have come into my life at 
certain times to help me grow, mature or simply put a smile on my face in the most difficult of 
times.  While I will do my best to acknowledge each person individually, I thank each of you 
whom have made me the person I am today.  God bless. 
 First and foremost, to my mother Mary Ann Smith who raised me as a single mother, I 
truly am indebted to your love and caring throughout the years.  While I know we have had our 
differences from time to time, your dedication to raising me in difficult periods is truly inspiring.  
You have instilled love, caring, and enough stubbornness in me that has allowed to me to get 
where I am today.  Thank you  
 Next, to Professor Scott E. Denmark, whose personal attention to each of his pupils is 
extraordinary.  I will never forget your continued support in driving me to become a better 
chemist.  From sitting with me for multiple hours to ensure my language going into a talk was 
crisp, to your patience in re-teaching me the English language through numerous revisions to 
papers, I am thankful for the knowledge and guidance you have brought to me.  From early 
experiences of washing KH to in depth discussions of increased mechanistic complexity I have 
enjoyed and learned from each of these learning opportunities.  My graduate school experience 
was indeed rewarding and I owe so much to your teachings.  Thank you  
 To not only an amazing mentor, but also a personal friend, Professor Ram Mohan who 
provided me the biggest and strongest platform to jump off my chemistry career, you truly are 
my Big Bro!  It was not only your academic teaching that has inspired me, but your personal 
attention to each student.  While I know I was especially frustrating at various times in my young 
 v 
career, you never gave up on me.  Always pushing me to achieve things I was even unaware that 
I could.  Thank you  
   Graduate school is such a tremendous uphill battle, that without people there to pick you 
up and tell you to “brush of your shoulders” it seems an insurmountable feat.  To each of my 
colleagues in the Denmark group, both past and present, without your encouragement and 
valuable time in explaining things from the simple to complex this degree would not have been.  
Especially those individuals whom I have been able to join forces with in the silicon-based cross-
coupling subgroup: Mike Ober, John Baird, Steve Tymonko, Jeff Kallemeyn, Jack Liu, Chris 
Butler, Chris Regens, Nathan Werner, Tim Chang, Aaron Bailey, Dr. Christophe Eggertswyler, 
Dr. Joseck Muhuhi, Dr. Selena Milicevic, Dr. Zuhui Zhang, and Dr. Tetsuya Kobayashi…each 
Wednesday night was enjoyable and educational because of each of you.  Additionally, two more 
outstanding postdocs who never could say no to a young graduate student seeking advice and 
guidance, Mike Edwards and Brian Eklov were always willing to drop whatever they were doing 
to entertain my questions.  Thank you  
 One of these individuals is especially deserving of grate praise and applause for dealing 
with me on a daily basis.  Dr. Steve Tymonko was the definition of not only a great lab mate, but 
moreover a fantastic mentor.  He was someone who let me make my own mistakes, which were 
quite plentiful, but lead me to the resolution of each one.  Over time, his helping hand began to 
disappear and at that point I felt I had become a scientist like the example he set.  Still to this 
day, I seek advice and direction from Dr. Tymonko and I think that this speaks louder than any 
words I can put on paper.  Directly from “Steve’s B*@$#”…Thank you  
 There have also been some amazing friends that I have had the privilege to meet and 
become close with during my time in Champaign, IL.  To Bradley Carrow, my kinetics buddy, 
 vi 
you are truly a brilliant individual.  Thank you for sharing not only your knowledge, but your 
personality, love for rock music, and especially your competitiveness on the court and course.  
To Dr. Matt Cullen, thank you for being the shoulder I needed toward the end of my career.  My 
sanity is in tact thanks to you, but that may more be attributed to “monkey bombs”!  To John 
Baird, the man who was there for me when quitting seemed to be the only option.  I knew 
whenever I needed to trudge down the hall after a difficult day, you would be there to pick me up 
from the ashes like a phoenix.  To each of you…Thank you  
 And finally, to the love of my life, Lindsay Michelle Fahey Smith, you are my rock, my 
shield and my strength. You deserve an award for putting up with me on good days and bad, 
being patient when time at home was interrupted and never giving up even when I wanted to just 
be done.  Thank you for sticking with me kid….I cannot wait to see what the future holds for us. 
 vii 
 
 
 
 
 
To My Best Friend and the Love of My Life 
 viii 
 
 
 
 
 
“Life is Just a Chair of Bowlies” 
- Mary Engelbreit 
 ix 
Table of Contents 
 
 
Chapter 1. Formation of Biaryl Compounds Via Palladium-Catalyzed Cross-Coupling Chemistry
................................................................................................................................................... 1 
1.1. Introduction to Biaryl Compounds ....................................................................................... 1 
1.2. Variations in the Organometallic Donor in Cross-Coupling Reactions................................. 3 
 1.2.1. Kumada – Organomagnesium ..................................................................................... 3 
 1.2.2. Negishi – Organozincates............................................................................................ 4 
 1.2.3. Stille – Organostannanes............................................................................................. 5 
 1.2.4. Suzuki – Organoboranes ............................................................................................. 6 
 1.2.5. Hiyama – Organosilanes (Fluoride-Promoted)............................................................ 7 
1.3. Mechanism of Cross-Coupling Reactions ............................................................................. 8 
 1.3.1. Oxidative Addition....................................................................................................... 9 
 1.3.2. Transmetalation ........................................................................................................ 12 
 1.3.2.1. Stille Cross-Coupling – Organostannanes ........................................................ 12 
 1.3.2.2 Suzuki Cross-Coupling – Organoboranes .......................................................... 14 
 1.3.2.3. Hiyama Cross-Coupling – Organosilanes......................................................... 16 
 1.3.3. Reductive Elimination ............................................................................................... 18 
1.4. Objectives .......................................................................................................................... 19 
 
Chapter 2. Preparative Utility of Phosphine Oxides as Ligands for the Cross-Coupling of 
Aryldimethylsilanolates............................................................................................................. 21 
2.1. Introduction ....................................................................................................................... 21 
2.2. Background........................................................................................................................ 22 
 x 
2.3. Objectives .......................................................................................................................... 24 
2.4. Results ............................................................................................................................... 24 
 2.4.1. Cross-Coupling of (4-methoxyphenyl)dimethyl Silanolate Employing  
 Triphenylphosphine Oxide .................................................................................................. 24 
 2.4.2. Role of Phosphine Oxides.......................................................................................... 28 
2.5. Discussion ......................................................................................................................... 33 
 2.5.1. Phosphine Oxides as Ligands for Palladium.............................................................. 33 
 2.5.2. Homocoupling as a Function of the Electronic Nature of the Aryl Bromide ............... 36 
2.6. Conclusions ....................................................................................................................... 39 
 
Chapter 3. Cross-Coupling of Aryldimethylsilanolates with Aryl Halides.................................. 41 
3.1. Introduction ....................................................................................................................... 41 
3.2. Background........................................................................................................................ 42 
3.3. Research Objectives........................................................................................................... 45 
3.4. Results ............................................................................................................................... 45 
 3.4.1. Preparation of Silanols and Silanolates..................................................................... 45 
 3.4.2. Preparation of Arylsilanols via Halogen-Lithium Exchange ...................................... 46 
 3.4.3. Catalytic Oxidative Hydrolysis of Arylsilanes............................................................ 46 
 3.4.4. Preparation of Arylsilanolates from the Parent Silanols ............................................ 47  
 3.4.5. Optimization of Cross-Coupling Reaction Conditions................................................ 49  
 3.4.6. Preparative Cross-Coupling Reactions of Aryl Silanolates ........................................ 55  
3.5. Discussion ......................................................................................................................... 61 
 3.5.1. Preparation of Arylsilanols ....................................................................................... 61 
 xi 
 3.5.2. Preparation of Silanolate Salts .................................................................................. 62   
 3.5.3. Optimization of Reaction Conditions ......................................................................... 63 
 3.5.4. Scope of Arylsilanolate Structure............................................................................... 65  
 3.5.5. Scope of Electrophile Structure ................................................................................. 67  
3.6. Conclusions ....................................................................................................................... 69 
 
Chapter 4. Mechanistic Duality in the Cross-Coupling of Arylsilanolates with Aryl Bromides .. 70 
4.1. Introduction ....................................................................................................................... 70 
4.2. Background – Current Mechanistic Understanding of Cross-Coupling Reactions of 
Organosilanols ......................................................................................................................... 71 
 4.2.1. Mechanism of Fluoride-Promoted Cross-Coupling Reaction of Alkenylsilanols......... 71 
 4.2.2. Mechanism of Fluoride-Free Cross-Coupling of Alkenylsilanols ............................... 73 
4.3. Research Objectives........................................................................................................... 75 
4.4. Results ............................................................................................................................... 76 
 4.4.1. Kinetic Analysis of the Catalytic Reaction ................................................................. 76 
 4.4.2. Study of the Individual Steps in the Catalytic Cycle ................................................... 78 
4.5. Discussion ......................................................................................................................... 85 
 4.5.1. Kinetic Analysis of the Cross-Coupling of Arylsilanolates ......................................... 85 
 4.5.2. Displacement of Arylpalladium(II) Bromide Intermediate with Arylsilanolate ........... 87 
 4.5.3. Isolation of the Transmetalation Step for the Cross-Coupling of Arylsilanolates........ 88 
 4.5.4. Mechanistic Picture of the Cross-Coupling of Arylsilanolates ................................... 92 
4.6. Conclusions ....................................................................................................................... 93 
 
 xii 
Chapter 5. Hammett Analysis of the Transmetalation Step in Palladium-Catalyzed Cross-
Coupling Reaction of Arylsilanolates........................................................................................ 94 
5.1. Introduction ....................................................................................................................... 94 
5.2. Background........................................................................................................................ 95 
 5.2.1. Hammett Analysis of the Stille Cross-Coupling Reaction........................................... 95 
 5.2.2. Hammett Analysis of the Suzuki Cross-Coupling Reaction......................................... 98 
 5.2.3. Hammett Analysis of the Negishi Cross-Coupling Reaction ..................................... 101 
5.3. Objectives ........................................................................................................................ 102 
5.4. Results ............................................................................................................................. 104 
 5.4.1. Preparation of Oxidative Addition Intermediates..................................................... 104 
 5.4.2. Electronic Requirements for the Activated Transmetalation of Arylsilanolates ........ 106 
5.5. Discussion ....................................................................................................................... 115 
 5.5.1. Preparation of a Number of Arylpalladium(II) Silanolate Complexes ...................... 116 
 5.5.2. Electronic Effects on the Activated Transmetalation of Arylsilanolates: The  
 Arylpalladium Electrophile ............................................................................................... 117 
 5.5.3. Electronic Effects on the Activated Transmetalation of Arylsilanolates: Arylsilanolate  
 Nucleophile....................................................................................................................... 118 
5.6. Conclusions ..................................................................................................................... 123 
 
Chapter 6. Differences Between Alkenyl and Aryl Silanolate Cross-Coupling Reactions – 
Bridging the Gap Using Palladium(II) Silanolate Complexes.................................................. 124 
6.1. Introduction ..................................................................................................................... 124 
6.2.  Background..................................................................................................................... 125 
 xiii 
 6.2.1. Initial Studies on Bischelated Arylpalladium(II) Arylsilanolate Intermediates ......... 125 
 6.2.2. Ligand Effects on the Transmetalation of Arylsilanolates to Palladium ................... 129 
6.3. Research Objectives ........................................................................................................ 133 
6.4. Results ............................................................................................................................. 134 
 6.4.1. Preparation and Characterization of Various Arylpalladium(II) Silanolate  
 Complexes ........................................................................................................................ 134 
 6.4.2. Generation of “Ligandless” Arylpalladium(II) Silanolate Complexes...................... 137 
 6.4.3. Studies on the “Ligandless” Cross-Coupling Reaction of Alkenyl Silanolates.......... 138 
6.5. Discussion ....................................................................................................................... 146 
 6.5.1. Structural Features of Palladium(II) Silanolate Complexes ..................................... 146 
 6.5.2. Cu-Promoted Transmetalation of Arylpalladium(II) Silanolates .............................. 148 
 6.5.3. Cross-Coupling Reactions Involving Styryl Silanolates Can Proceed Via Both A  
 Direct, Unactivated Transmetalation and an Activated Transmetalation Pathway............. 154 
6.6. Conclusions ..................................................................................................................... 158 
 
Chapter 7.  The Reduction Pathway of Allylpalladium Chloride Dimer Via Allyloxysilane 
Formation............................................................................................................................... 160 
7.1. Introduction ..................................................................................................................... 160 
7.2. Background...................................................................................................................... 161 
7.3. Research Objectives......................................................................................................... 162 
7.4. Results ............................................................................................................................. 164 
 7.4.1. Oxidation of the Bidentate Ligands.......................................................................... 164 
 7.4.2. The Formation of Allyloxysilanes ............................................................................ 165 
 xiv 
 7.4.3. The Role of Ligands on the Reduction of APC ......................................................... 167 
 7.4.4. Counter-ion Effects of the Silanolate ....................................................................... 169 
7.5. Discussion ....................................................................................................................... 170 
7.6. Conclusions ..................................................................................................................... 173 
 
Chapter 8. Experimental ......................................................................................................... 174 
8.1. General Experimental ...................................................................................................... 174 
8.2. Literature Procedures ...................................................................................................... 176 
8.3. Chapter 2 Procedures ...................................................................................................... 177 
 General Procedure I: Preparation of Alkali-Metal Aryl Silanolates Using Metal Hydrides. 
 Potassium (4-methoxyphenyl)dimethylsilanolate (K+39–)................................................... 177 
 Determination of Response Factors for GC Analysis – Chapter 2 ..................................... 180 
 General Procedure II: Cross-Coupling of Potassium Dimethyl(4-methoxyphenyl)silanolate  
 with Aryl Bromides (Table 1) ............................................................................................ 183  
 General Procedure III: Cross-Coupling of Potassium Dimethyl(4-methoxyphenyl)silanolate  
 with Aryl Bromides Without a Ligand (Table 2) ................................................................ 197 
 General Procedure IV: Comparison of Cross-Coupling of Potassium Dimethyl(4- 
 methoxyphenyl)silanolate with Aryl Bromides With and Without Triphenylphosphine  
 Oxide ................................................................................................................................ 199 
 General Procedure V: Kinetic Analysis of the Cross-Coupling of Arylsilanolates Employing  
 Phosphine Oxides ............................................................................................................. 214 
 
 xv 
8.4. Chapter 3 Procedures ...................................................................................................... 257 
 GC Methods and Response Factors – Chapter 3 ............................................................... 257 
 Preparation of Starting Materials: Arylsilanols and Arylsilanolates – Chapter 3 .............. 258 
 General Procedure VI: Optimization for Cross Coupling of K+51- with 4-Bromoanisole  
 Using Different Catalysts and Ligands. Cross Coupling of K+51- and 40o (Table 6).......... 267  
 General Procedure VII: Optimization for Cross Coupling of K+51– with 4-Bromoanisole  
 using (t-Bu3P)2Pd (Table 7, 8 and 9) ................................................................................. 272 
 Solvent Survey (Table 7) ................................................................................................... 272 
 Temperature Studies (Table 8) .......................................................................................... 274 
 Catalyst Loading Studies (Table 9) ................................................................................... 276 
 Concentration Studies (Table 9)........................................................................................ 276 
 Silanolate Loading Studies (Table 9)................................................................................. 277 
 General Procedure VIII: Cross Coupling of Potassium Aryl(dimethyl)silanolates with Aryl  
 Halides (Table 10 and 11)................................................................................................. 278 
 General Procedure IX: Cross Coupling of Sodium (2,6-dichlorophenyl)dimethylsilanolate  
 with Aryl Bromides (Table 11, entries 10-12) .................................................................... 303 
 
8.5. Chapter 4 Procedures ...................................................................................................... 308 
 General Procedure X: Analysis and Kinetic Measurements for Catalytic Cross-Coupling of  
 Arylsilanolates Employing (t-Bu3P)2Pd (Scheme 25) ......................................................... 308 
 Index of Kinetic Experiments for Catalytic Cross-Coupling of Arylsilanolates Employing (t- 
 Bu3P)2Pd........................................................................................................................... 314 
 Study of Displacement Step of Arylpalladium(II) Bromide 68 with Cs+39– ........................ 346 
 xvi 
 General Procedure XI: Kinetic Measurements for Thermal Transmetalation at 50 °C  
 (Scheme 28) ...................................................................................................................... 348 
 General Procedure XII: Kinetic Measurements for Thermal Transmetalation in the Presence  
 of Phosphine (Scheme 28) ................................................................................................. 352 
 General Procedure XIII: Kinetic Measurements for Activated Transmetalation in the  
 Presence of K+39– at 50 °C (Scheme 28) ........................................................................... 357 
 General Procedure XIV: Kinetic Measurements for Activated Transmetalation in Presence of  
 M+39– at Room Temperature (Scheme 29) ........................................................................ 360 
 General Procedure XV: Kinetic Measurements for Activated Transmetalation in Presence of  
 Cs+39– at Room Temperature: Order Determination for [Cs+39–] (Scheme 29) ................ 365 
 General Procedure XVI:  Spectroscopic Identification and Crystallization of  
 Arylpalladium(II)silanolate Complexes ............................................................................. 373 
 
8.6. Chapter 5 Procedures ...................................................................................................... 375 
 Preparation of Starting Materials – Chapter 5 .................................................................. 375 
 Hammett Study On the Electronic Effects of the Transmetalation Step of Arylsilanolates  
 (Table 15) ......................................................................................................................... 377 
 Determination of Saturation Kinetics for Activated Transmetalation of Arylpalladium  
 Arylsilanolate Complexes.................................................................................................. 436 
 Spectroscopic Identification of Arylpalladium(II) Arylsilanolate Complexes ..................... 460 
 
 xvii 
8.7. Chapter 6 Procedures ...................................................................................................... 472 
 GC Methods and Response Factors – Chapter 6 ............................................................... 472 
 Preparation of Starting Materials – Chapter 6 .................................................................. 473 
 General Procedure XVII: Thermolysis of Bidentate Arylpalladium(II) Arylsilanolate  
 Complexes in the Presence of CuTC (Table 21)................................................................. 475 
 Thermolysis of Bidentate Arylpalladium(II) Arylsilanolate Complexes in the Presence of  
 Ni(COD)2 (Scheme 45)...................................................................................................... 483 
 General Procedure XVIII: Analysis and Kinetic Measurements for Cross-Coupling of K+110–  
 (Table 24) ......................................................................................................................... 486 
 Index of Kinetic Experiments for the Cross-Coupling of ((E)-Styryl)dimethylsilanolate Using  
 Triphenylphosphine Oxide ................................................................................................ 488 
 Determination of Effect of CuTC on Catalytic Reaction .................................................... 524 
 General Procedure XIX: Thermolysis of 113 in the Presence of CuTC (Scheme 50) .......... 528 
 
8.8. Chapter 7 Procedures ...................................................................................................... 532 
 GC Methods and Response Factors – Chapter 7 ............................................................... 532 
 Preparation of Starting Materials/Standards..................................................................... 533 
 General Procedure XX:  Preparation of Allyloxysilanes.................................................... 533 
 General Procedure XXI:  Preparation of the Neutral η1-allyl Complexes ........................... 538 
 General Procedure XXII:  Reduction of APC with Silanolates (Table 26).......................... 542 
 General Procedure V:  Reduction of Neutral η1-Allyl Complexes Study (Table 27) ........... 543 
 General Procedure XXIII:  Metal Counter Ion Study (Table 28)........................................ 544 
 
 xviii 
8.9. X-ray Crystal Structures................................................................................................... 545 
 X-Ray Crystal Structure of 70 ........................................................................................... 545 
 X-Ray Crystal Structure of 107 ......................................................................................... 558 
 X-Ray Crystal Structure of 109 ......................................................................................... 574 
 X-Ray Crystal Structure of 113 ......................................................................................... 591 
 
References .............................................................................................................................. 615 
 
Author’s Biography ................................................................................................................ 624 
   
1 
Chapter 1. Formation of Biaryl Compounds Via Palladium-Catalyzed Cross-Coupling 
Chemistry 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
1.1. Introduction to Biaryl Compounds 
The common sp2-sp2 carbon bond of biaryl compounds can be found in various manifolds 
of synthetic organic chemistry.  A wide range of natural products contains this structural motif 
that also have important biological properties.  A few examples include: vancomycin 1 which is 
a clinically used glcyopeptidic antibiotic1 and steganicin 2 which has been shown to disrupt 
tubulin formation by binding to the colchicine site in malignant cells (Figure 1).2 Additionally, a 
number of pharmaceutical compounds containing a biaryl core such as Losartan® and 
Irbesartan® have been developed.3  The biaryl skeleton is also prevalent as a scaffold for highly 
conjugated aromatic polymers that posses both optical and electronic properties.4  The simplest 
biaryl compound, biphenyl, has been used as a heat transfer medium.5  Another common use of 
this class of compounds can be found in computer screens and calculators.  Highly conjugated6 
or electron-deficient biaryls7 are used ubiquitously as materials for liquid crystals displays.  In 
addition to important consumer-based products, ligands containing a biaryl subunit play a 
prominent role in a number of transition-metal catalyzed reactions (e.g. binaphthalenes and 
Buchwald-type ligands) (Figure 2).8  The ability to generate axially chiral biaryl scaffolds has 
allowed these ligands to be implemented in many asymmetric transformations as well.4a 
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Figure 2. Common Biaryl Phosphine Ligands 
 
Given the vast presence of the biaryl motif, myriad methods have been developed to 
access this structural feature.  One of the earlier methods for the formation of symmetrical aryl-
aryl compounds involved the use of stoichiometric amounts of copper reacting with two equiv of 
an aryl halide to promote the formation of a C-C aryl bond (Ullman coupling).9  Since this first 
account in 1901, a number of other metals have been used to promote these types of 
transformations including: lead, bismuth, mercury as well as nickel and palladium which can be 
used in catalytic quantities.10  Two of the most common methods for the preparation of 
unsymmetrical biaryl compounds are the Stille reaction of arylstannanes and Suzuki-Miyaura 
cross coupling of aryl boronic acids.  These organometallic nucleophiles have been extensively 
developed to tolerate a number of functional groups and allow coupling of a variety of 
electrophiles.  Though each of these reactions is powerful in its own regard, each system also has 
its own limitations.  These restrictions have prompted the continued interest in developing more 
mild and robust catalytic processes to promote these difficult cross-coupling reactions to form 
   
3 
biaryl compounds. 
1.2. Variations in the Organometallic Donor in Cross-Coupling Reactions 
The chemistry of cross-coupling reactions catalyzed by transition-metals has 
revolutionized the ability to form carbon-carbon bonds strategically in a number of synthetic 
targets.11  The utility for an organometallic donor (R1-M) and an appropriate electrophile (R2-X), 
usually either a halide or a trifluoromethanesulfonate (triflate group), to couple under metal 
catalysis (e.g. Pd(0) or Ni(0)) to provide a carbon-carbon bond and inorganic by products, has 
enabled chemists to access challenging structures that would otherwise be difficult to form 
(Scheme 1). 
Scheme 1  
M X
metal catalysis
(Pd, Pt, Ni)
++
where M = Al, Mg, Sn, B, Si
           X = I, Br, Cl, OTf
R1 M R2 X R1 R1
 
 
1.2.1. Kumada – Organomagnesium 
The first cross-coupling reactions involved an organolithium or organomagnesium 
reagents, which, under mild conditions, reacted with a variety organic halides to provide C-
substituted products.12  However, the use of such strong nucleophiles limited the functional 
group compatibility of this reaction.  In light of these drawbacks, the search began for less 
nucleophilic metallic reagents and more active electrophiles that could be used in cross-coupling 
reactions.  The extension to cross-coupling of alkenyl and aryl halides using nickel catalysis was 
initially reported by Kumada13 and Corriu14.  Since this report, a number of metal catalysts have 
been investigated in these cross-coupling reactions. In 1975, Murahashi and coworkers 
successfully described the use of palladium to catalyze the coupling of alkenyl halides and 
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organolithium reagents.15  Following this seminal work, palladium has evolved as one of the 
premier choices for metal-catalysis in cross-coupling reactions.  The ability to cross-couple both 
sp and sp2 centers using palladium catalysis has been extensively studied over the years, but 
recently has reached an upsurge with the ability to the cross-couple sp3 carbons.16  While these 
methods proved to be moderately successful, the inability to prepare a range of 
organomagnesium reagents continue to inhibit their broad use as organonucleophiles. 
A few recent examples have allowed the difficult arylmagnesium reagents to couple at 
room temperature.  Secondary phosphine acids are excellent ligands for the palladium-catalyzed 
generation of biaryl compounds.17  Additionally, effective Ni-catalyzed coupling is achieved 
using N-heterocyclic carbene ligands that allow the use of unactivated aryl chlorides.18 
Nakamura and coworkers discovered that in iron-catalyzed biaryl coupling reactions employing 
arylmagnesium chloride reagents, fluoride ligands decreased the amount of homocoupling of the 
organonucleophile (Scheme 2).19  However, the use of the organomagnesium reagents decreases 
the substrate scope especially with respect to the nucleophile in this coupling. 
Scheme 2 
FeF3
.3H2O (3 %)
SIPr.HCl (9 %)
EtMgBr (18%)
THF, 0 °C then rt, 4h
R
MgBr
R'
Cl
THF, 60 °C, 24 h
R
R'
74-98 %  
 
1.2.2. Negishi – Organozincates 
Many metal nucleophiles have found widespread use over the years, however many 
suffer from inherent drawbacks such as toxicity, instability, or functional group incompatibility.  
Initial advances using aluminum20, zirconium21, and zinc22 reagents were investigated by Negishi 
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and coworkers and were successful in cross-coupling reactions.  Both the aluminum and 
zirconium nucleophiles can easily be prepared through hydrometalation of alkynes, but these 
conditions prevent the use of common functionality such as carbonyl groups to be included.  
Organozinc nucleophiles, which possess better functional group compatibility, are competent 
coupling partners in these reactions and are easily prepared via direct zinc-halogen exchange or 
through transmetalation from the organolithium species.23  The drawback of the organozinc 
reagents is the instability of the compounds when exposed to air or moisture, which limits the 
practical use of these reagents.   
 For example, Milne and Buchwald developed a mild and general cross-coupling of 
arylzinc chlorides with an expansive set of aryl halides (Scheme 3).24  However, the 
organozincate is prepared in situ prior to each cross-coupling reaction.  These 
organonucleophiles have extremely limited shelf life and the requirement for formation prior to 
each reaction is burdensome.  Therefore, the development of more robust metal nucleophiles was 
needed. 
Scheme 3 
Br
R1
1. 1.65 eq. n-BuLi
2. 1.8 eq. ZnCl2
ZnCl
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R2
cat. Pd2(dba)3
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70 °C, 15 h
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1.2.3. Stille – Organostannanes 
The extension of metal nucleophiles to tin reagents was first demonstrated by Kosugi and 
Migita25 and later studied by Stille and co-workers who showed both alkenyl- and arylstannanes 
undergo direct cross-coupling under palladium catalysis without the need for an external 
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activator.26 These reaction conditions are superior to those used for organozinc reagents as the 
reaction with tin allowed for such functional groups as esters, nitriles, amines and even ketones 
to be tolerated.  These studies also allow access to the use of acyl halides as the electrophilic 
coupling partner in this reaction.27  Although the use of organostannanes made a dramatic impact 
in the area of palladium-catalyzed cross-coupling, the major drawback is the toxicity of tin28 and 
the resulting care with which waste must be treated, not to mention the high molecular weight of 
the metal component which is simply discarded. 
 Cu(I) salts have also found a profound synergistic effect for the cross-coupling reaction 
of arylstannanes.  Addition of CuI and CsF successfully promoted the palladium-catalyzed biaryl 
formation of aryltin reagents with aryl bromides at moderate temperatures (Scheme 4).  
Nonetheless, rigorous purification techniques are required to remove all of the tin by-products 
that are generated during the coupling. 
Scheme 4 
SnBu3
R1
Br
R2
R1
R2
+
2 % PdCl2, 4 % t-Bu3P
2 % CuI, 2 equiv. CsF
45 °C, 15 h
+ Bu3SnBr
 
 
1.2.4. Suzuki – Organoboranes 
The Suzuki-Miyaura coupling of boronic acids and esters has become a staple in the area 
of cross-coupling since its conception.29 The ability for organoboron nucleophiles to match the 
reactivity of the corresponding organostannanes, and also serve as robust starting materials that 
are stable to both air and moisture is a crucial advantage of these reagents.  The boronic acid 
cross-couplings require the use of external activation to promote the reaction, usually in the form 
of mild bases such as potassium carbonate.30 The organoboron reagents have an increased 
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substrate scope and tolerate a large number of functional groups, but each set of reaction 
conditions is very substrate dependent and may require additional optimization.  Also, some 
organoboranes can suffer from protiodeborylation during cross-coupling reactions. 
The first Suzuki cross-coupling reaction of an aryl boronic acid was reported by Suzuki 
and coworkers in 1981.31  The cross-coupling of phenyl boronic acid with aryl halides catalyzed 
by Pd(PPh3)4 was described for the formation of unsymmetrical biaryls (Scheme 5).  Since this 
seminal report, the number of different boron-derived nucleophiles has exploded and many 
challenging structural motifs have been addressed using organoboron chemistry.  
Scheme 5 
B(OH)2 Br
R
R
+
cat. Pd(PPh3)4
aq. K2CO3
 
 
1.2.5. Hiyama – Organosilanes (Fluoride-Promoted) 
Organosilanes represent another emerging class of compounds that have shown 
proficiency in cross-coupling reactions.  Kumada and Tamao discovered the utility of 
alkenyl(fluoro)silanes as alternative cross-coupling precursors employing the potassium salt of 
pentafluorosilicates catalyzed by palladium(II) acetate at elevated temperatures providing 
substituted styrenes (Scheme 6).32 
Scheme 6 
I
+ Ph
SiF5
2- PhPd(OAc)2, PPh3
Et3N, 135 °C
2K+
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The application of alkenylsilanes for cross-coupling reactions has encouraged the 
expansion to include less reactive arylsilanes as active coupling partners.  A range of arylsilanes 
have been prepared and effectively coupled with a number of electrophilic partners such as 
aryl(halo)silanes 5,33 aryl(halo)silylcyclobutanes 633a and aryl(trialkoxy)silanes 734 through the 
use of fluoride activation (Scheme 7).  However, many of these reactions require harsher 
conditions compared to the alkenylsilanes causing detrimental side processes to occur.  The 
major obstacle that must be overcome in many of these systems is unproductive homocoupling 
of the aryl halide, which hinders efficient couplings of the organosilanes reagents.  
Scheme 7 
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1.3. Mechanism of Cross-Coupling Reactions 
As depicted in Figure 3, the generally accepted mechanism of palladium-catalyzed cross-
coupling reaction begins with oxidative addition of a Pd(0) catalyst into the carbon-halide bond 
of the electrophile.35 Following oxidative addition, the organometallic nucleophile approaches 
the palladium center in which the alkenyl or aryl group is transferred creating a carbon-palladium 
bond more commonly known as transmetalation.  This process occurs either through 
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coordination to the palladium center or direct attack of a nucleophile on the metal center.   The 
carbon-carbon bond is formed through reductive elimination from the palladium center with 
simultaneous regeneration of the Pd(0) catalyst.  The rate-determining step in many of these 
cross-coupling reactions is believed to be transmetalation, but other factors may influence which 
step becomes rate determining.  The catalytic cycle involves a Pd(0)/Pd(II) cycle, however many 
of the precatalysts used in these cross-coupling are Pd(II) precursors which must be reduced to 
enter the catalytic cycle. 
Pd(0)
Pd X
Pd X
M
Pd
X
M
oxidative
addition
transmetallation
reductive 
elimination
iii
iv
v
vi
i
R1
R1
R2
R2
R1
R1 R2
R1 R2
ii
 
Figure 3.  Accepted Mechanism for the Cross-coupling Reaction  
 
1.3.1. Oxidative Addition 
 The catalytic cycle for most transition metal-catalyzed processes is initiated by the 
oxidative addition of an organic electrophile to a metal center (e.g. Pd(0) or Ni(0)).  This process 
has been extensively studied due in part to the ability to isolate the stable arylpalladium(II) 
halide products.35  As early as 1981, kinetic analysis of this process demonstrated that the 
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addition of a zerovalent palladium metal to sp2 carbon-halide bonds proceeded via an aromatic 
nucleophilic substition.36  A first order dependence was established for both the palladium and 
the aryl halide while an inverse first-order dependence was calculated for the ligand.  The most 
compelling evidence that this process is proceeding by a nucleophilic attack of palladium onto 
the carbon-halide bond is the determination of the Hammett correlations for the aryl halide.37  
Large ρ values (ρ > 2.0 in most cases) for the linear free-energy relationships supports that 
electron-deficient substituents accelerate this process by stabilizing the developing negative 
charge on the arene ring.37 
 The molecularity of the oxidative addition step has also received considerable attention.38  
The proposed mechanism for insertion is a concerted interaction of the metal center with the 
carbon-halide bond via a three-coordinate transition state 10 (Scheme 8).  While this hypothesis 
was in excellent accordance with the isolation of complexes employing cis-coordinating 
phosphine ligands (e.g. 1,3-diphenylphosphinopropane, dppp), the complexes derived from 
monophosphines (PPh3) were isolated as the trans-isomer.  To account for these observed 
intermediates, the general proposal is that insertion initially generates a cis-fused intermediate 
that thermodynamically isomerizes to the more stable cis-ligated species.  This isomerization has 
been observed using 19F NMR spectroscopy.39  Initial oxidative addition of Pd(PPh3)4 to 
iodoarene 12 results in the formation of a cis-arylpalladium iodide intermediate 13 which 
underwent isomerization to the trans-14 over time (Scheme 9).39  The actual mechanism of 
isomerization is highly complex and a number of different pathways have been proposed.   
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Scheme 9     
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 The generality in cross-coupling reactions was truly revolutionized by the ability for 
more challenging electrophiles (e.g. aryl chlorides and aryl triflates) to participate in the 
oxidative addition step.  The development of bulky, phosphine ligands has enabled less active 
palladium species to add into these difficult bonds.  Two separate factors have been proposed to 
account for the improved reactivity of these ligands: (1) the increased electron-density at the 
palladium center would accelerate the nucleophilic attack onto the electrophilic bond and (2) the 
bulkiness of these ligands improves the rate of ligand dissociation that is required to generate the 
oxidative addition intermediates.  Intriguingly, these ligands have been demonstrated to promote 
the oxidative addition of chloroarenes even at sub-ambient temperatures (Scheme 10).40  
Independent mechanistic studies on this class of ligands have been conducted and established the 
effect of the ligand steric properties on the oxidative addition to haloarenes.41,42 
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Scheme 10 
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1.3.2. Transmetalation 
1.3.2.1. Stille Cross-Coupling - Organostannanes 
Although the oxidative addition of an organic halide to a Pd(0) complex is common 
among most coupling reactions, the transmetalation step is distinctive to the organometallic 
donor employed. The transmetalation of organostannanes has been extensively studied but is still 
a matter of some debate.43  The most widely accepted mechanism for the transmetalation of 
organotin compounds proceeds via an associative process.43a  The associative mechanism 
proceeds by the generation of a 5-coordinate palladium complex 19 which loses a ligand to 
provide the stable square planar intermediate (Scheme 11).  This process accounts for the 
immediate formation of cis-21 that does not require a trans to cis isomerization prior to reductive 
elimination.   
Scheme 11 
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Although this mechanism is proposed to proceed via a cyclic intermediate, evidence for 
an SE2 open transmetalation through intermediate 22 has also been obtained (Figure 4).35  
Differentiating these two pathways can accomplished by establishing the configuration of the 
stereodefined center that transfers from the stannane.  On the basis of the proposed transition 
state for the SE2 (open) mechanism, the enantioenriched carbon stereocenter should undergo 
inversion in the transfer process.  This hypothesis has been experimentally confirmed by the 
coupling of chiral benzylic stannanes with acyl chlorides conducted by Labadie and Stille.44  The 
configuration in the α-carbon of the ketone proceeded with >65% inversion, thus favoring the 
open pathway.  However, Falk demonstrated that the coupling of α-alkoxystannanes with acyl 
chlorides generates ketone products with 98% retention of configuration.45  Thereby, the 
transmetalation step of the Stille cross-coupling reaction seems to proceed by two separate 
pathways under various reaction conditions. 
Pd
L L
X
R2Bu3Sn
R1
SE2 (cyclic)
PdR1
L
L
X
SnBu3
SE2 (open)
22 23
 
Figure 4.  Proposed transition states for associate transmetalation of organostannanes 
 
An alternative view for the transmetalation step involves initial ligand dissociation prior 
to tin to palladium transmetalation.35  Kinetic analysis on the Stille reaction demonstrated the 
inverse first-order dependence on the addition of neutral ligands such as triphenylphosphine 
(PPh3).46  Furthermore, Farina and Krishnan found a large increase in the rate of coupling using 
less Lewis basic ligands such as triphenylarsine.47  These results seemed to indicate that ligand 
dissociation is required prior to transmetalation.  Nonetheless, these results are also consistent 
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with the associate mechanism described previously.   
A dissociative mechanism was confirmed by Hartwig and coworkers who discovered that 
the transmetalation of dimer 24 proceeded via a square root dependence on the concentration of 
palladium dimer (Scheme 12).48  Therefore, the transmetalation must proceed via a T-shaped 
monomer 25, which reacts with the organostannane. 
Scheme 12 
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1.3.2.2 Suzuki Cross-Coupling – Organoboranes 
 The cross coupling of organoboranes requires a second level of analysis when 
establishing the mechanism of transmetalation.  Owing to the decreased nucleophilicity of 
borane reagents, external bases (e.g. NaOH or K2CO3) are often employed to improve the rate of 
the coupling process.  While the bases can be involved in many step of the catalytic cycle, the 
most influenced step is the transmetalation.   Two independent proposal have been generated to 
account for the role of the base in the transmetalation step (Scheme 13).30  The first involves 
coordination of the boron atom with an anion to enhance the nucleophilicity of the transferable 
group.  Secondly, these anionic bases can displace the palladium(II) halide intermediate to 
generate oxopalladium complexes, which interact with the borane. 
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 Evidence for the activation of boranes to the boronates has been demonstrated for the 
cross-coupling reaction of 9-hexyl-9-BBN with bromobenzene.  The equilibrium formation of 
the hydroxy boronate was observed by NMR spectroscopy and the reaction with the oxidative 
addition product gave the substituted arene product.  Additional support for the formation of a 
tetracoordinate boronate was shown by an intramolecular transmetalation of o-substituted 
pinacolato borane 27.49  Treating 27 with potassium tert-butoxide forms the corresponding 
metallocycle 39 (Scheme 14). 
Scheme 14 
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 Preformation of oxopalladium complexes, such as 31, can promote the formation of 
biaryl products at room temperature.  It has been proposed that the alkoxide ligand on palladium 
coordinates to the boron species and activates the boron toward transmetalation.  Upon addition 
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of NaOH to borane 32, no formation of the hydroxyboronate is detectable (Scheme 15).50  
However, kinetic analysis of the cross-coupling reaction reveals a first-order dependence on the 
concentration of hydroxide and suggests a rate-determining formation of the palladium(II) 
hydroxide 31.  
Scheme 15 
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  As discovered in the mechanistic studies on the Stille reaction, stereodefined alkyl 
boranes undergo transmetalation with complete retention of configuration.50-51  On the basis of 
this outcome, the proposed transition state for the transmetalation of alkylboranes occurs via a 
four-centered cyclic intermediate 35 (Scheme 16).  However, these results cannot definitively 
distinguish between activation on boron or palladium occurring first.  
Scheme 16 
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1.3.2.3. Hiyama Cross-Coupling – Organosilanes 
 The most common method used to determine the transition state models for 
transmetalation of these various organonucleophiles is to study the stereoselectivity of these 
   
17 
processes.  Hiyama studied the cross-coupling of chiral benzylic silanes with aryl triflates 
catalyzed by Pd(PPh3)4 under fluoride activation (Scheme 17).52  However, an interesting 
temperature effect was observed on the stereochemical course of the reaction.  At a lower 
temperature (50 °C), the coupling proceeds with a significant degree of retention of 
configuration.  As the temperature of the reaction increases or a more polar co-additive, such as 
HMPA, is added, inversion of configuration in the product is observed.  Therefore, both SE2 
(open) and SE2 (cyclic) transmetalation pathways have been proposed. 
Scheme 17 
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 Mechanistic studies from these laboratories have addressed that formation of the 
hypervalent siliconate as the active transmetalation intermediate by studying the cross coupling 
or organosilanols.  Kinetic experiments show that an intermediate fluoride-activated disiloxane 
38 participates in the transmetalation step (Scheme 18).53  The requirement for activation of 
silicon-derived nucleophiles derives from the low reactivity of Si-C bonds.  Silicon has been well 
documented in its ability to expand its valency and a number of stable pentacoordinate silanes 
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have been isolated.54  
Scheme 18 
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 Most recently, an alternative view of the transmetalation of organosilanes has come to 
light.  Evidence from these laboratories has demonstrated that activation via a hypercoordinate 
siliconate is not required for the cross coupling of organosilanes.  Both kinetic and stoichiometric 
studies have confirmed that a direct, thermal process is a viable pathway for the transmetalation 
step.  These results will be discussed in detail in Chapter 4. 
 
1.3.3. Reductive Elimination 
 The final step in the catalytic cycle for cross-coupling reactions is the formation of the 
carbon-carbon (or other carbon-heteroatom) bond from the diorganopalladium intermediate with 
regeneration of the metal catalyst.  However, this step is generally accepted to be extremely fast, 
especially under catalytic conditions and thereby the study of this process is limited.  
Groundbreaking work in this field by Yamamoto and coworkers who in consecutive articles 
articulate the requirements for reductive elimination.55  The rates for of a number of bisalkyl 
palladium complexes establish the requirement for a cis-orientation of the two organyl groups for 
effective reductive elimination.  Furthermore, an inverse first-order dependence for added 
monophosphine ligand confirms the requirement of ligand dissociation prior to reductive 
elimination.  Based on these studies, initial ligand dissociation forms a three-coordinate 
palladium complex, which undergoes a unimolecular reductive elimination. 
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A detailed DFT computational study reveals the requirements for an effective reductive 
elimination process of various organyl groups (alkyl, vinyl, Ph).56  The relative rates for both the 
eliminating groups and the ligands show ligands have a dramatic influence for this step in the 
catalytic cycle.  Three-coordinate complexes and their respective activation energies decrease 
with the trend maleic anhydride < “empty”57 < ethylene < PPh3~MeCN.  Additionally, bulky 
phosphine ligands decrease the activation barrier for ligand dissociation and thereby increase the 
ability for the three-coordinate intermediates to form.  While reductive elimination can occur 
directly from the bis-phosphine complexes, the energies were higher compared to the sub-ligated 
species. 
 
1.4. Objectives 
The major goals of the work that is described in the subsequent chapters was focused on 
the improvement of the cross-coupling chemistry of arylsilanols.  First, the improvement in the 
substrate scope about the organosilanol must be addressed to allow these methods to be 
competitive with other organometallic nucleophiles.  Second, the detailed understanding of the 
mechanism of this catalytic process will enable the continued improvement in developing more 
efficient methods.  Each study can be summarized as follows: 
(1) The implementation of non-conventional phosphine oxide ligands for the cross-coupling  
reaction of arylsilanolates (Chapter 2) 
(2) Investigations into optimal reaction conditions for the cross-coupling of electron-
deficient arylsilanolates toward a unified and general set of cross-coupling conditions 
(Chapter 3) 
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(3) Mechanistic studies on the (t-Bu3P)2Pd-catalyzed cross-coupling reaction of 
arylsilanolates focused on understanding the transmetalation step (Chapter 4) 
(4) Determining the electronic requirements on the transmetalation of arylsilanolates using 
the ability to isolate pre-transmetalation intermediates (Chapter 5) 
(5) Studies aimed at understanding the role of ligands in the transmetalation of 
organosilanol-derived reagents as well as the intermediacy of a 8-Si-4 palladium complex 
(Chapter 6) 
(6) Identifying the reduction pathway of allylpalladium chloride dimer (APC) under standard 
cross-coupling conditions of organosilanols (Chapter 7)  
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Chapter 2. Preparative Utility of Phosphine Oxides as Ligands for the Cross-Coupling of 
Aryldimethylsilanolates 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
2.1.  Introduction 
Crucial to the success of any cross-coupling reaction is the judicious choice of ligands for 
the metal.58  Ligands can serve as stabilizing agents for palladium atoms at the resting state in the 
catalytic cycle, can provide a chiral environment for asymmetric induction, or can minimize 
undesired pathways such as homocoupling. Examples of common ligands for various metals 
include neutral molecules such as water (H2O), ammonia (NH3), and carbon monoxide (CO) and 
anionic species such as halides and alkoxides.  For palladium-catalyzed reactions some of the 
more common ligands that have been used to date include olefins and phosphines.  Studies have 
been directed at the continued development and improvement of ligands that influence multiple 
steps in catalytic cycles.     
Hemilabile ligands, which contain both a weak and strong Lewis basic atom (e.g. oxygen 
and phosphorous) are promising as a new class of ligands for a variety of synthetic 
transformations.58a  The ability for these ligands to stabilize late transition metals while forming 
weak metal complexes can afford more active metal centers.  One of these classes of hemilabile 
ligands is the bisphosphine monoxides which are active in reactions such as carbonylation,59 
cycloaddition,60 and oligomerization of olefins.61  Another class of hemilabile ligands are 
secondary phosphine oxides.  Li describes the use of secondary phosphine oxides in the coupling 
of aryl chlorides with phenyl boronic acid in good yields.62 
Another form of palladium catalysis involves the formation of highly active Pd 
nanoparticles, which can readily catalyze reactions, but can quickly form inactive clusters.  
   
22 
Therefore, several methods have been developed to stabilize Pd nanoparticles, such as using 
aminomethylated TentaGel in a resin form.63   Capturing the palladium as a resin allow the 
reactions to take place in aqueous media and provide excellent conversions in the Suzuki 
coupling.  In the absence of this resin, the reactions stalled at early conversion. 
Within these laboratories, studies on the cross-coupling of aryldimethylsilanols with 
Cs2CO3 activation revealed the significance of ligands on the rate of cross-coupling and the 
amount of homocoupled product formed.64  The use of triphenylarsine dramatically decreased 
the quantity of  unwanted homocoupling of the aryl halide albeit with slower reaction rates for 
the desired biaryl formation.  Conversely, the use of bidentate ligands such as 1,3-
bis(diphenylphosphino)propane (dppp) improved the reaction rate 4-fold, but unfortunately the 
amount of homocoupling also increased substantially. 
  
2.2.  Background 
Because the conditions previously described for the cross-coupling of arylsilanols 
employed Cs2CO3 and H2O, concern about the possible in situ oxidation of the ligands under the 
reaction conditions was raised.  The trepidation about the oxidation state of the phosphine ligand 
sparked independent studies employing both mono and bis-phosphine oxides as ligands for the 
cross-coupling of silanolate K+39– (Figure 5).  Surprisingly, an appreciable increase in the 
reaction rate was observed when dppb(O)2 was used as the ligand in the catalytic system 
compared to the parent bisphosphine.65,66  Interestingly, the use of 1.0 equiv. of 
triphenylphosphine oxide produced an identical rate of biaryl formation compared to the use of 
the bidentate bisoxides.  In the absence of this ligand, the reaction proceeded at an excellent 
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initial rate, but stalled at 40-50 % product formation.  This suggested that, in fact, the phosphine 
oxide ligands were helping to stabilize active Pd(0). 
Si
O-K+
Me Me
+
Br
[allylPdCl]2 (2.5 mol %)
ligand (1-5 mol %)
 PhCF3, 100 °C
MeO
CF3
MeO
CF3
K+39– 40a 41a  
 
Figure 5.  Graph of GC yield of cross-coupling product 41a vs. time as a function of ligand. 
 
 Although the discovery of phosphine oxides as valuable ligands for palladium was 
completely serendipitous, Bawendi and coworkers successfully prepared a poly(ethyleneglycol) 
phosphine oxide polymer to stabilize water-soluble palladium nanoparticles.67  Unfortunately, 
only one example of a boronic acid cross-coupling was provided, but nonetheless this example 
showcased the capability of phosphine oxides to serve as stabilizing ligands.  Discoveries in the 
Denmark group66 together with the beneficial qualities of phosphine oxides reported in the 
literature opened new possibilities for the cross-coupling of arylsilanolates.   
 
   
24 
2.3.  Objectives 
Even though the coupling of arylsilanols has been described, the extension to a broader 
range of arylsilanols including those bearing electron-deficient groups is desired. These 
laboratories have shown that the active coupling partner for these cross-coupling reactions is the 
deprotonated form of the silanol, a metal silanolate.68  The metal silanolate is a competent 
coupling partner in the cross-coupling of alkenylsilanols69 as well as in the cross-coupling of 
heterocyclic silanols.70 To determine whether the use of alkali-metal silanolates would facilitate 
a more facile cross-coupling of electron-deficient silanols, the use of these organonucleophiles in 
combination with phosphine oxides as ligands was pursued.  The goal was to improve the overall 
rate through the use of this class of ligands while minimizing the undesired homocoupling 
process. 
 
2.4.  Results 
2.4.1. Cross-Coupling of (4-methoxyphenyl)dimethyl silanolate Employing Triphenylphosphine 
Oxide 
To establish the utility of phosphine oxides in a preparative reaction, the cross-coupling 
of potassium dimethyl(4-methoxyphenyl)silanolate K+39– and 4-bromobenzotrifluoride 40a was 
conducted in toluene at 90 °C with allylpalladium chloride dimer (APC, 2.5 mol %) and 
triphenylphosphine oxide (Ph3P(O), 5 mol %).  The cross-coupling product was obtained in good 
yield (79%) after only 30 min.  On the basis of this initial result, the cross-coupling with a 
variety of aryl bromides using Ph3P(O) was undertaken to fully establish the scope of this 
reaction.  Gratifyingly, a number of aryl bromides underwent smooth cross-coupling to form 
biaryl products in similar reaction times independent of the electronic nature of the starting 
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material (Table 1).  Both electron-poor (entry 1-3) and electron-rich (entry 5-7) aryl bromides 
reacted within 60 min and gave moderate to good yields in all cases.  Unexpectedly, these 
reaction conditions proved less compatible with various functional groups. For example, aryl 
bromides containing a ketone and nitrile substituent gave poor conversions (< 10%) in contrast to 
their behavior in Cs2CO3-promoted cross-coupling reactions.64b  Further complications arose in 
the reaction of 4-ethylbromobenzoate where significant loss of the starting aryl bromide was 
observed, which was attributed to cleavage of the ester functionality by the arylsilanolate at 
elevated temperatures.  The ester incompatibility was quickly remedied by changing to a tert-
butyl ester which reacted smoothly giving an 82% yield of the desired biaryl product (Table 1, 
entry 1).  Disappointingly, the amount of homocoupling product formed was substantial (7-14%) 
in many of the substrates tested.  The amount of isolated homocoupling product appeared to be 
highly dependent on the electronic nature of the aryl bromide and this dependence will be 
discussed below. 
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Table 1.  Cross-coupling of K+39– with Substituted Aryl Bromides Using Phosphine Oxidesa 
Br R+
[allylPdCl]2 (2.5 mol %)
Ph3P(O) (5 mol %)
toluene, 90 °C
H3CO Si
CH3
CH3
OK
H3CO
+
R
RR
K+39– 40
41
42
 
entry aryl bromide product time, min yield, %b product ratioc (41/42) 
1 
Br
CO2t-Bu
 
41b 60 82 98:2 
2 
Br
Cl
 
41c 45 80 90:10 
3 
Br  
41d 30 72 88:12 
4 
Br
Me
 
41e 35 63 83:17 
5 
Br
On-Bu
 
41f 60 65d 82:18 
6 
Br Cl  
41g 60 86 93:7 
7 
Br
OTES
 
41h 60 67e - 
8 
Br
Cl  
41i 30 86 - 
9 
Br
Me  
41j 30 85 - 
10 
Br
 
41k 35 85 - 
11f 
Br
Me
Me Me
 
41l 60 77 - 
12 
Br
NO2
 
41m 90 80g 99:1h 
13 OMe
Br  
41n 90 75g 90:10h 
a Reaction employed 1.3 equiv of K+39–.  b Yields are based on pure, isolated material.  c Ratios of 
cross:homocoupling are based on isolated yields unless otherwise mentioned. d Material is 
contaminated with an unknown amount of polysiloxanes (< 5% by 1H NMR).  e Product was found to 
be 97% pure by GC.  f Reaction employed 1.5 equiv of K+39– and dppbO (5 mol %).  g Yield based 
on conversion as determined by 1H NMR.  h Ratio of cross-/homocoupling (31/32) determined by 1H 
NMR integration. 
 
 
 The reaction rate was found to be independent of steric encumbrance on the aryl bromide 
such that the 2-substituted aryl bromides reacted at a rate comparable to the corresponding 4-
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substituted versions.  This result is contradictory to the result obtained using Cs2CO3, which 
required a change of hydration levels and solvent to efficiently convert the more sterically 
congested systems.64b  The reactions using phosphine oxides were plagued with their own 
problems.  Attempts at cross-coupling aryl bromides containing a heteroatom at the 2-position 
were problematic giving only 20% conversion in the best case.  Because these groups are Lewis 
basic (e.g. O, N), they can coordinate to the metal center and thus inhibit productive cross-
coupling.71  On the other hand, reaction of K+39–  with meta-substituted aryl bromides proceeded 
smoothly as both the 3-chloro as well the labile 3-triethylsilyloxymethyl substituents were 
compatible (Table 1, entries 6 and 7). The stability of the sensitive silicon protecting group 
illustrates the mildness of the reaction conditions even at elevated temperatures.  More exciting 
was the successful reaction of the sterically hindered 2-bromomesitylene (Table 1, entry 11).  
The standard reaction conditions afforded only a 60% conversion with rapid formation of Pd0 
after 10 min.  Using 1.5 equiv of the arylsilanolate and dppb(O), which was used to prevent rapid 
precipitation of Pd0, the reaction was complete in 90 min and the biaryl product was isolated in 
good yield.  To further highlight the capability of phosphine oxides as labile ligands, a 
representative series of substrates was repeated in the absence of these ligands. 
 A preliminary cross-coupling of K+39– with 40a using APC (2.5 mol %) in toluene at 90 
°C went to completion in 30 min.  This result was contrary to the results obtained during the 
kinetic studies of these systems.  Interestingly, the cross-coupling in the absence of the ligand 
was rapid and general for the cases tested (Table 2).  Both ortho- and para-substituted aryl 
bromides reacted quickly reaching >99% conversion in 60 min.  The reaction with the 40a was 
repeated and a 76% yield was achieved with 7% of the undesired homocoupling product 42a.  
This result was similar to those obtained using phosphine oxides as a stabilizing ligand, therefore 
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it can be concluded that these reactions can be performed in the absence of ligand.  However, 
these ligandless reactions are still plagued by large amounts of homocoupling products as seen 
with the use of phosphine oxides as ligands.   
 
Table 2.  Ligandless Cross-coupling of K+39– with Substituted Aryl Bromidesa 
Br R+
[allylPdCl]2 (2.5 mol %)
toluene, 90 °C
H3CO Si
CH3
CH3
OK
H3CO
+
R
RR
K+39– 40
41
42
 
entry aryl bromide product time, 
min 
conversion, %b 
1 Cl
Br  
41c 60 100 
2 CF3
Br  
41a 30 100 (76 %)c,d 
3 
Br
OBu
 
41f 60 > 99  
4 
Br
Cl  
41i 30 100 
5 
Br
Me  
41j 30 > 95  
a Reaction employed 1.3 equiv of K+39–.  b Conversion 
determined by 1H NMR integration of corresponding aryl 
bromide  c Yield in parentheses based on pure, isolated 
material  d 7% homocoupling product 42a isolated 
 
2.4.2.  Role of Phosphine Oxides 
 The principle difference between the kinetic runs illustrated in Figure 6, and the results in 
Table 2 was the frequent sampling of the former reactions that could have compromised the inert 
atmosphere. To identify the impact of phosphine oxide additives on the rate and reproducibility 
of the cross coupling under non-optimal reaction conditions, several representative bromides 
(40c, 40a, 40f and 40j) were re-examined.  For operational simplicity and to assay the robustness 
of the procedure, all reagents (except the hygroscopic silanolate) were weighed open to the 
   
29 
atmosphere and added to the reaction flask without taking the usual precautions to remove 
oxygen.  Each reaction (0.5 mmol) was performed in triplicate in side-by-side experiments both 
with and without Ph3P(O) and the progress was monitored by GC analysis. The graphs in Figure 
2B show the results for each of the four substrates.  The blue lines represent the reactions run 
with Ph3P(O) and the red lines represent those without. As indicated in the legend, pairs of 
experiments executed side-by-side are represented by the same icons (squares, circles, diamonds, 
etc.). In addition, the effect of scale was examined and is illustrated by the dashed lines (2.0 
mmol scale) on the Charts for 40c and 40a.  The beneficial effect of Ph3P(O) is immediately 
apparent in the coupling with 40c (Fig. 6).  In the presence of this ligand, the reaction proceeded 
smoothly and with excellent reproducibility (conversions 59–67%). In contrast, in the absence of 
Ph3P(O) the reaction was irreproducible and afforded consistently lower yields (18–57%).  A 
similar irreproducibility was seen with 40a. In the presence of Ph3P(O) the reactions behaved 
nearly identically affording a 76–78% conversion in 35 min, whereas the ligandless runs 
afforded 34–62% conversion in the same time. When the scale was increased 4-fold, the yields 
for both reaction improved, nonetheless, the yield in the presence of Ph3P(O) remained higher 
(89 vs. 74%). Similar results were seen with bromides 40f and 40j.  In both cases the presence of 
Ph3P(O) resulted in improved conversion and reproducibility of the reaction. The striking 
behavior of 2-bromotoluene (40j) deserves comment.  Despite the steric encumbrance, this 
substrate reacted faster than any other in the group reaching completion in less than 10 min in the 
presence of the ligand. As clearly seen in the graph, the ligandless reactions were slower and less 
reproducible. 
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Figure 6.  Comparison of reaction profiles for ligandless reactions vs. those with phosphine 
oxide 
 To better understand the origin of the effect of the phosphine oxide additives, a number 
of phosphine oxides were employed as ligands for the cross-coupling reaction of K+39– and 40j 
(Table 3).  As shown in Figure 5, no change in the initial rates between a monophosphine oxide 
(Ph3P(O), entry 3) and bisphosphine oxides (dppp(O)2 or dppf(O)2, entries 1-2) with large bite 
angles was observed.  However, as the bite angle of the bisphosphine oxides was decreased, a 
subsequent decrease in the initial rate of product formation was observed (entries 5-6).  Also, a 
more bulky monophosphine oxide, Ph2XPhos(O)58d (entry 4) resulted in a lower initial rate.  
These results seemed to indicate that more rigid and bulkier phosphine oxides were decelerating 
the rate of coupling. 
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Table 3.  Phosphine Oxide Dependence on Rate of Cross-Couplinga 
MeO
Si
O-Cs+
Me Me
+
Br
[allylPdCl]2 (7.5 mM in Pd) 
phosphine oxide
PhCF3, 100 °C MeOMe
Me
Cs+39– 40j 41j  
entry phosphine oxide initial rateb 
(mM/s) 
relative rates 
1 Ph2(O)P P(O)Ph2
dppp(O)2  
9.25 x 10-2 2.26 
 
2 
P(O)Ph2
P(O)Ph2
Fe
dppf(O)2  
 
9.00 x 10-2 
 
2.20 
3 Ph3P(O) 8.92 x 10-2 c 2.18 
 
 
4 
R
R R
P(O)Ph2
R = i-Pr
Ph2XPhos(O)  
 
8.1 x 10-2 
(8.5 x 10-2)d 
(8.1 x 10-2)e 
 
 
 
1.98 
5 
Ph2(O)P
P(O)Ph2
dppe(O)2  
6.2 x 10-2 
 
1.51 
6 Ph2(O)P P(O)Ph2
dppm(O)2  
4.1 x 10-2 1.00 
a Reaction conditions: 1.5 equiv of Cs+39–, 1.0 equiv 40j, 4.5 mol % 
[allylPdCl]2, 9.0 mol % phosphine oxide b Determined by GC analysis using 
naphthalene as the internal standard c Data obtained by S. Tymonko (Ph.D., 
2007) d Employed 18.0 mol % Ph2XPhos(O) (2/1 ratio of ligand/Pd)  e 
Employed 18.0 mol % Ph2XPhos(O) (4/1 ratio of ligand/Pd)  
 
  
Even though kinetic studies employing dppp(O)2 revealed a zeroth-order behavior for 
these ligands (Chapter 6), the concentration dependence for dppe(O)2 was determined (Table 4).  
Surprisingly, a small decrease in the rate of product formation was observed.  Therefore, the 
quantity of ligand in solution was effecting the rate determining step of the catalytic process, 
which is presumed to be the transmetalation step (discussed in chapters 4 and 6).  This data may 
provide some indirect evidence that these ligands are binding to palladium and either sterically or 
electronically decelerating the transmetalation process. 
   
32 
Table 4.  Determination of rate dependence on increasing concentration of dppe(O)2 
MeO
Si
O-Cs+
Me Me
+
Br
[allylPdCl]2 (7.5 mM in Pd) 
dppe(O)2 (x mM)
PhCF3, 100 °C MeOMe
Me
Cs+39– 40j 41j  
entry dppe(O)2 (mM) initial rate (mM/s) 
1 7.5 6.2 x 10-2 
2 15.0 5.1 x 10-2 
3 30.0 4.2 x 10-2 
 
 Investigations of 1,2-bisdiphenylphosphinobenzene bisoxide 43 as a potential ligand for 
these cross-coupling reactions created another enigma.  Employing a 1/1 ratio of Pd/43, the rate 
of coupling produces a plot that resembles a first-order decay.  Immediately, this type of 
dependence was surprising as previous experiments with phosphine oxides produced linear 
initial rate plots.  When the concentration of 43 was doubled (2/1, X/Pd),  the plot of the reaction 
progression was less curved.  A linear plot was finally obtained when the amount of 43 was 
equal to 4 times the amount of palladium.  The unique concentration dependence of 43 on the 
cross-coupling of K+39– and 40j was attempted using a substoichiometric amount of ligand 
compared to palladium.  As shown in Figure 7, this catalytic reaction had the largest initial rate 
including a 20% increase of product formation in the same reaction time.  Thereby, additional 
evidence for the ability of phosphine oxides to serve as ligands can be garnered from the obvious 
rate dependence for 43. 
   
33 
MeO
Si
O-Cs+
Me Me
+
Br
[allylPdCl]2 (7.5 mM in Pd) 
dppbz(O)2
PhCF3, 100 °C MeOMe
Me
dppbenzene(O)2
PPh2
PPh2
O
O
Cs+39– 40j 41j
43
 
Figure 7.  Rate data for the cross-coupling of K+39– with 40j employing 43 as the ligand  
 
2.5.  Discussion 
2.5.1. Phosphine Oxides as Ligands for Palladium 
The results in Table 1 and Figure 6 clearly show that the phosphine oxide additive has a 
salutary effect in the cross-coupling reaction.  However, the origin of this effect is not well 
understood, but may arise from a weak stabilizing interaction with the palladium catalyst. 
Because these reactions are performed in a non-coordinating solvent (toluene), stabilization from 
the solvent is not likely. Therefore, the phosphine oxide could be serving as a labile ligand that 
can prevent catalyst decomposition by a number of mechanisms including oxidation or 
agglomeration.  Although phosphine oxides are not generally recognized  as good ligands for late 
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transition metals72 a dppf(O)2palladium(II)Cl2 complex has been reported.73 The existence of this 
complex demonstrates the ability of phosphine oxides to bind directly to Pd(II), but no discrete 
coordination chemistry to Pd(0) has been reported and no synthetic transformation of these 
species has been described. On the other hand, there is a wealth of knowledge (both structural 
and synthetic) on the use of bisphosphine monoxides as ‘hemilabile’ ligands for palladium.58a  
The ability of these ligands to stabilize late transition metals while forming weak metal 
complexes affording more active metal centers will enable further studies for this class of ligands 
of other synthetic transformations. 
How then does Ph3P(O) influence the coupling reactions by itself? An intriguing 
hypothesis is that the phosphine oxide stabilizes the Pd(0) atoms/particles formed from direct 
reduction of APC by the silanolate (Chapter 7).74  The reduction of APC leads to the formation 
of highly active Pd nanoparticles that can readily catalyze reactions, but that can also form 
inactive clusters.75 
The weak coordination of the phosphine oxide to the palladium catalyst prevents the 
precipitation of palladium black and therefore minimizes the loss of active catalyst.  Moreover, a 
constant catalyst loading is maintained throughout the reaction resulting in good reaction rates 
and reproducible yields. In the absence of this additive the reactions can proceed but with 
varying rates and conversions. The irreproducibility might arise from variable degrees of oxygen 
contamination of the reaction apparatus resulting in inconsistent rates of catalyst decomposition. 
Thus, under rigorously controlled anaerobic conditions, the effect of the phosphine oxide is 
negligible and reactions proceed rapidly and with excellent conversion as was seen in the control 
experiments in Table 2.  However, the reactions become more robust and do not require special 
precautions if Ph3P(O) is added. In this sense, the phosphine oxide can be seen as a ‘buffer’ or 
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scavenger that allows reactions to proceed, even under less than ideal conditions. 
 Indirect evidence to support this hypothesis was provided by the rate studies of the 
various phosphine oxides.  Whereas a number of mono- and bis-phosphine oxides afforded 
identical rates for the formation of biaryl 40a, two examples deviated from this behavior.  When 
both dppe(O)2 and dppm(O)2 were used as ligands for the coupling reaction, the initial rates of 
biaryl formation drastically decreased (9.0 x 10-2 mM/s vs. 6.2 x 10-2 and 4.1 x 10-2 mM/s 
respectively).  This type of kinetic behavior suggests that these reagents are effecting the rate 
limiting step of the catalytic reaction.  These ligands must be binding to the palladium center and 
require deligation prior to the turnover-limiting step of the catalytic cycle (see similar discussion 
in introduction section, chapter 1).  The reason these species have such a pronounced effect is the 
ability for these two ligands to serve as two point binders.  Unlike the parent phosphine ligands, 
which are more Lewis basic, the phosphine oxides are weaker in their binding ability.58a  
Furthermore, the addition of two oxygen atoms increases the size of the ligated palladacycle that 
can be formed.  So, for dppm(O)2 and dppe(O)2, the phosphine oxides may bind to palladium in a 
6- and 7-membered intermediate respectively, however no conclusive data supports this 
hypothesis (Figure 8).  The binding for dppp(O)2 and other larger phosphine oxides may be too 
large for dual point binding and form oligomeric complexes.  These species thus exhibit behavior 
similar to monophosphine oxides such as Ph3P(O). 
O
Pd
OP
P
6-membered
Ph
Ph
Ph
Ph
Pd
OP
P O
Ph
Ph
Ph
Ph
7-membered  
Figure 8.  Proposed binding of dppm(O)2 and dppe(O)2 to palladium 
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 Despite the fact that phosphine oxide 43 has a structure similar to dppe(O)2, the rigidity 
of the carbon backbone creates a steric encumbrance for ligation which may prevent dual-point 
binding.  Therefore, only one phosphine oxide may bind to palladium and creates a dimeric 
structure at a palladium/ligand ratio of 1:1 (Figure 9). For productive coupling to be achieved, 
deligation of one molecule of 33 must occur from the palladium center.  As the concentration of 
33 increases, a smaller equilibrium concentration of the subligated palladium catalyst is formed 
and thereby decreases the initial rate of coupling.  Again, the use of phosphine oxides as ligands 
remains in its infancy and structural evidence for the binding ability is still lacking.  
OP
P O
Ph
Ph
Ph
Ph
O P
PO
Ph
Ph
Ph
Ph
Pd
Pd
- dppbenzene(O)2 OP
P O
Ph
Ph
Ph
Ph
Pd
Pd
 
Figure 9. Possible dimeric structure of dppbenzene(O)2 and palladium   
 
Alternatively, the rigidity of ligand X does not influence the ability for dual binding, but 
simply affects the rate at which both oxygen atoms attach to palladium.  Therefore, at a sub-
stoichiometric quantity of ligand (1/0.5, Pd/ligand), a portion of the palladium catalyst is left 
unligated (Pd nanoparticles) and proceeds at a faster rate compared to the oxide bound complex.  
At higher concentrations of 43, the entire quantity of palladium is ligated and any palladium 
intermediate is always saturated with bis-oxide. These experiments alone cannot distinguish 
between these two scenarios.     
 
2.5.2.  Homocoupling as a Function of the Electronic Nature of the Aryl Bromide 
From the studies using phosphine oxides as ligands for the cross-coupling of 
arylsilanolates, several conclusions were formulated about the amount of isolated homocoupling 
product formed using these conditions.  First, it was observed that when an increased amount of 
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homocoupling product was isolated, the corresponding yield of the desired biaryl product was 
lower than expected.  Also, the amount of homocoupling that formed under the reaction 
conditions seemed to be directly related to the electronic nature of the aryl bromide.  Electron-
rich aryl bromides were found to give the largest amount of undesired homocoupling product 
compared to the more electron-poor bromides.  Therefore, the percentage of isolated 
homocoupling product was plotted against the Hammett values for the substituted aryl bromides 
to determine if a correlation exists (Figure 10).76  The graph displays a relatively linear 
correlation (R2 = 0.84) between the two variables.  No immediate explanation can be made for 
the lower amounts of desired biaryl in the cross-coupling of electron-rich cases, however the plot 
confirms that the more electron-rich aryl bromides are prone to larger amounts of homocoupling.   
 
Figure 10.  Amount of Isolated Homocoupling as a Function of the Hammett Value for the 
Starting Aryl Bromide  
 
 The substituent effect observed in the quantity of homocoupling formed from the 
catalytic reaction provides insight into the potential mechanism of this process.  Presumably, the 
homocoupling byproducts arise from a second oxidative addition of a palladium(II) intermediate 
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into the arylbromide (Figure 11).  The resulting palladium(IV) intermediate suffers rapid 
reductive elimination generating the biaryl and palladium bromide.  The palladium(II) 
precatalyst is reduced to Pd(0) in order to reenter the catalytic cycle.  Normally, electron-
deficient aryl bromides undergo oxidative addition more rapidly than those containing electron-
donating substituents.  Therefore, the electron-donating substituents must generate a greater 
electron-density on the palladium center allowing the palladium intermediate to undergo a 
second oxidative addition.  Qi and coworkers have proposed a similar mechanism for 
homocoupling whereby a dppfpalladium(II) intermediate suffers a second oxidative addition to 
generate the homocoupling product.77  Other reports have proposed similar mechanistic 
pathways employing a variety of conditions.78 
Pd(OPPh3)n Aryl-Br
ArylPdBr(OPPh3)n
Aryl-Br
Aryl2PdBr2(OPPh3)n
Pd(IV)
Pd(II)
Aryl-Aryl
PdBr2(OPPh3)n Pd(II)
Pd(0)
 
Figure 11.  Proposed pathway for homocoupling via a second oxidative addition 
 
Alternatively, the homocoupling by-product could result from a bimolecular 
recombination of an arylpalladium(II)silanolate 45 (Scheme 19).  Following oxidative addition, 
the resulting arylpalladium bromide 44 is displaced by the arylsilanolate generating 45 (Chapter 
4).  If transmetalation is slow, the subligated palladium silanolate complex 45 may undergo 
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unwanted side processes because of its electron-deficiency.  The observed substituent effect for 
the homocoupling pathway is also consistent with this mechanistic hypothesis.  Because the 
more electron-rich pretransmetalation intermediate is longer lived owing to the slower 
transmetalation step (see Chapter 5), the possibility for the arylpalladium silanolate 45 to 
participate in an exchange process is enhanced.  The diorganopalladium intermediate 46 
generates the biaryl by reductive elimination regenerating the palladium(0) catalyst.  The 
corresponding bissilanolatepalladium(II) complex 47 is likely unstable and breaks down to a 
palladium(0) species under elevated temperatures. 
Scheme 19 
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2.6.  Conclusions 
In summary, the cross-coupling of an electron-rich arylsilanolate with a variety of aryl 
bromides proceeds smoothly with Ph3P(O) as a ligand. The use of a preformed potassium 
arylsilanolate in combination with an extremely labile ligand to provide unsymmetrical biaryls 
compares very favorably with the use of Cs2CO3 and arylsilanols. This method has the additional 
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advantage that the silanolate is easily prepared and stored, and can be charged directly into the 
reaction vessel. Although the cross-coupling reactions also function in the absence of ligands, 
control studies showed that this process is sensitive to oxygen or moisture and Ph3P(O) can serve 
as a ‘buffering’ ligand that helps to stabilize highly active palladium nanoparticles throughout 
the catalytic cycle.  Indirect evidence has also been provided from both kinetic and structural 
modifications that suggest that the phosphine oxides bind directly to palladium.  Hopefully, these 
studies will spark the continued investigations into this class of ligands for other metal-catalyzed 
processes. 
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Chapter 3.  Cross-Coupling of Aryldimethylsilanolates with Aryl Halides  
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
3.1. Introduction 
One of the premier synthetic methods that has been developed for the synthesis of biaryls 
is the palladium-catalyzed, cross-coupling reaction.  As described in the introductory chapter 
(Chapter 1), various organometallic donors have been studied for this purpose, including 
organomagnesium (Kumada), organozinc (Negishi), organotin (Stille), organoboron (Suzuki) 
and organosilicon (Hiyama) reagents.11  Although Grignard reagents can couple effectively, their 
high nucleophilicity and basicity is not compatible with many functional groups.  Organozinc 
reagents are more tolerant of sensitive functionality; however, the instability of arylzinc reagents 
has limited the extensive large-scale development.79  In contrast, organostannanes are mild, 
stable and readily prepared reagents, but a major drawback is the inherent toxicity of the tin 
reagents and byproducts.28,80  Consequently, recent investigations have focused on using 
organoboron-based reagents and many synthetically challenging biaryls have been prepared by 
judicious choice of catalysts and ligands.81  Despite the broad application of this cross-coupling 
strategy, these methods are not without drawbacks. For example, some boronic acids are difficult 
to handle, difficult to purify, unstable to extended storage and suffer protiodeborylation under 
cross-coupling conditions. Variants of boron reagents such as borate esters and trifluoroborates30 
have been developed to address some of these problems.82  In recent years arylsilicon 
nucleophiles have emerged as useful donors in cross-coupling reactions. The specific advantages 
of organosilicon-based donors have been described in detail in a number of review articles and 
will be summarized only briefly below.54,68a,83 
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3.2. Background 
 Aryl(dihalo)silanes represent the first organosilicon reagents used for biaryl 
synthesis.33a,84 Because of the sensitivity of halosilanes to moisture, acid or base, the more robust 
trialkoxysilanes have been advocated as more practical reagents for cross coupling with aryl 
iodides and bromides.34b  However, the reaction with aryl chlorides provides the biaryl products 
in moderate yields (47-71%).34a  To address this limitation, stable triallylarylsilanes were 
introduced for the cross coupling of a range of aryl chlorides.85 A major disadvantage of all the 
aforementioned arylsilicon donors is the need for fluoride activators in super-stoichiometric 
amounts to facilitate transmetalation.  The widespread use of silicon-based protecting groups in 
complex molecule synthesis along with the cost and aggressive nature of soluble fluoride sources 
precludes their use as activators. Accordingly, alternative methods of activation have been 
developed for arylsilicon reagents.  In 2005, Hiyama and coworkers reported the use of aryl[2-
(hydroxymethyl)phenyl]dimethylsilanes 48 which bear a pendant nucleophilic tether (Scheme 
20).86 In the presence of potassium carbonate and copper iodide, these reagents deliver aryl 
groups to aromatic halides. The iterative cross coupling of these organosilicon reagents was 
elegantly demonstrated for the synthesis of oligoarenes.87 
Scheme 20 
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81-99%
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 As part of a longstanding interest in the use of the organosilanes in cross-coupling 
reactions,54,68,83b the investigation of these compounds for the synthesis of biaryls has been 
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extensively studied in these laboratories.  One of the initial illustrations of this class of reagents 
stemmed from using arylsiletanes as aryl transfer substrates.88 The palladium-catalyzed cross-
coupling of aryl(halo)silacyclobutanes 49 could be achieved via a fluoride-promoted reaction 
with aryl iodides to provide biaryls in good yields. Mechanistic studies (with 
alkenylsilacyclobutanes) demonstrated that treatment of silacyclobutanes with 
tetrabutylammonium fluoride (TBAF) led to cleavage of the siletanes and formation of 
organosilanols 50 (Scheme 21).89 
Scheme 21 
Si
Cl
Si
OH
HO
Me
Bu4N
+F- (TBAF)
I
MeO MeO
cat. (C3H5PdCl)2
t-Bu3P MeO49 50
 
 
 The introduction of (organo)dimethylsilanols as coupling partners has allowed the 
development of non-fluoride promoted cross-coupling reactions.  An early report from Hiyama 
and coworkers described the use of silver(I) oxide as a stoichiometric promoter in conjunction 
with (Ph3P)4Pd to prepare biaryls from silanol precursors.90  Although good yields were 
obtained, large amounts of a silver activator and long reactions times are needed. 
 Subsequent investigations from these laboratories identified Cs2CO3 as an effective 
promoter for the cross-coupling of (4-methoxyphenyl)dimethylsilanol with a range of aryl 
iodides and bromides.64  These studies also addressed the problem of homocoupling from the 
aryl halide through the judicious choice of ligands.  Unfortunately, attempts to expand the scope 
of the arylsilanol, especially silanols with electron-withdrawing substituents (e.g. 51, Scheme 
22), afforded lower yields.  More forcing conditions (110 °C) and other bases (CsOH) were 
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required because of the lower rate of transmetalation of other arylsilanols and their tendency to 
exist as their thermodynamically more stable disiloxanes.  
Scheme 22 
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 In the course of studies on the cross-coupling reactions of arylsilanols, it was discovered 
that arylsilanolate salts are stable, isolable compounds that are resistant to dimerization to the 
corresponding disiloxane.  The ease of preparation of these salts made them attractive targets for 
investigating their utility as organosilicon nucleophiles.65 As part of this study, the use of 
phosphine oxides as stabilizing ligands was also discovered.  A significant rate enhancement was 
observed using both bisphosphine oxides derived from common bidentate phosphines as well as 
triphenylphosphine oxide (see discussion in Chapter 2).  These results were transformed into a 
useful and effective set of reaction conditions that could be employed for the cross coupling of 
potassium (4-methoxyphenyl)dimethylsilanolate K+39– with a range of aryl bromides.  However, 
these conditions were not uniformly applicable.  Because no strongly coordinating ligands are 
present, significant amounts of homocoupling products from the aryl bromides are formed and 
the overall yields of the desired biaryls correspondingly decreases.  Moreover, the extension of 
this method to other arylsilanolates was unsuccessful as unproductive dimerization to the 
disiloxane was observed under the reaction conditions. 
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3.3.  Research Objectives 
The variable levels of success achieved with palladium-catalyzed cross coupling of 
aryldimethylsilanols and its derivatives meant that a more robust and general set of reaction 
conditions for the preparation of biaryls is still required.  In light of these limitations, the 
following objectives were formulated:  
1. Prepare a wide range of arylsilanols and their silanolate salts and determine the stability of  
these reagents 
2. Evaluate the competence of these alkali-metal silanolates for the palladium-catalyzed cross- 
coupling reactions 
3.  Develop conditions that allow the facile cross coupling of a range of aryl halides.  
4. Improve the scope of the organosilanolate to include electron-deficient nucleophiles to  
participate in the cross-coupling process 
  
3.4. Results 
3.4.1.  Preparation of Silanols and Silanolates.91 
To set the stage for these studies, a large number of arylsilanols and their derived 
silanolates were needed to determine their chemical stability, ease of handling and suitability for 
cross-coupling reactions with aryl electrophiles.  In general, the arylsilanols can be prepared by 
three different protocols: (1) direct installation of the dimethylsilanol unit through halogen-
lithium exchange and trapping with a silicon electrophile,92 (2) catalytic, oxidative hydrolysis of 
dimethylsilanes93 and (3) palladium-catalyzed silylation of aryl halides.94  The selection of the 
most appropriate method was based on a number of considerations including the availability of a 
suitable starting material and compatibility of any functional groups in the molecule.   
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3.4.2.  Preparation of Arylsilanols via Halogen-Lithium Exchange.   
Direct installation of the dimethylsilanol moiety was accomplished by treatment of an 
aryl iodide (e.g. 4-iodoanisole or 1-iodonaphthalene) with n-butyllithium at low temperature 
followed by trapping the organolithium intermediate with hexamethylcyclotrisiloxane (D3) to 
afford (4-methoxyphenyl)dimethylsilanol 39 and (1-naphthyl)dimethylsilanol 52 in 88% and 
84% yields, respectively (Table 5, entries 1-2).  Although aryl iodides readily participate in 
halogen-metal exchange, the respective aryl bromides are more attractive substrates because of 
their greater availability and lower cost. 
The installation of the silanol unit onto an electron-deficient aryl bromide containing a 
trifluoromethyl group was accomplished under similar conditions.  Lithiation was performed at  
–30 °C to ensure complete halogen-lithium exchange and the desired silanol 51 was obtained in 
comparable yields (87%) (Table 5, entry 3).   
 
3.4.3. Catalytic Oxidative Hydrolysis of Arylsilanes.   
For less reactive or less stable aryllithium intermediates (such as those from 4-bromo-
N,N-dimethylaniline, and 2,6-dichlorobromobenzene) the more reactive electrophile 
dimethylchlorosilane (Me2Si(H)Cl) was employed to provide the arylsilanes in high yields.  
Selective oxidation of 53’ was accomplished with [RuCl2(p-cymene)]2 (1-2 mol %) in 
MeCN/H2O to yield the desired silanol 53 in 94% yield (Table 5, entry 4). Although, successful 
oxidative hydrolysis could be effected under these conditions with (2,6-
dichlorophenyl)dimethylsilane, the reaction was quite sluggish (> 8 h).  The more active catalyst, 
[Ir(1,5-cyclooctadiene)Cl]2 led to the formation of the desired silanol 54 in 45 min (in the 
presence of 5 equiv of H2O). These processes are highly reproducible and gram quantities of 
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these silanols could be prepared. 
Another silanol that initially proved challenging to prepare was (4-(1,3-dioxolan-2-
yl)phenyl)dimethylsilanol 55.  The lower reactivity of the aryllithium intermediate (from the 
corresponding bromide) with D3 led to significant amounts of disiloxane formation.  Preparation 
of the (4-(1,3-dioxolan-2-yl)phenyl)dimethylsilane was achieved as described above, but 
attempts to effect the oxidative hydrolysis using either Ru or Ir catalysis was problematic.  
Significant amounts of 4-(hydroxydimethylsilyl)benzaldehyde (4–10%) were observed and 
separation from the desired silanol was not easily achieved.  Gratifyingly, simply treating the (4-
(1,3-dioxolan-2-yl)phenyl)dimethylsilane with 1.5 equiv of tetrabutylammonium hydroxide95 led 
to quantitative formation of 55 in 79% yield (Table 5, entry 3). 
 
3.4.4.  Preparation of Arylsilanolates from the Parent Silanols.  
Alkali metal arylsilanolate salts can be prepared from arylsilanols (pKa ~ 9-11)91 by any 
of three different protocols: (1) irreversible deprotonation of the arylsilanol in situ with a strong 
Brønsted base, (2) irreversible deprotonation of the arylsilanol with a strong base and isolation of 
the silanolate salt,68a,68c and (3) silanolate exchange with disiloxanes.96  Isolation of the 
arylsilanolate has a number of advantages that deserve mention, the most important of which is 
operational simplicity. The salt can be charged directly into the reaction mixtures and no 
additional base is needed.  Moreover, isolation of the arylsilanolate avoids the rapid formation of 
disiloxane from the parent silanol under the reaction conditions.  Accordingly, metal hydrides 
and disilazanes were chosen as the bases to promote rapid and quantitative deprotonation that 
allowed the isolation of the arylsilanolate salts.  For the most part, potassium silanolate salts 
were selected because they are more nucleophilic than sodium silanolates thus avoiding the 
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complicating factor of a rate limiting displacement of the palladium halide in the catalytic 
cycle.97 
The potassium arylsilanolates can be prepared by a dropwise addition of a solution of the 
arylsilanol (in THF or benzene) to either KH or KHMDS in the same solvent.  After 15 min, the 
reaction mixture is Schlenk filtered to remove any particulates.  The solution is concentrated in 
vacuo to afford solids that are triturated with hexanes and dried to afford the arylsilanolate salts 
as stable powders in most cases (Table 5, entries 1-5). Overall, excellent yields of the potassium 
salts were obtained but the less than quantitative recovery was occasionally seen because of 
partial solubility of these compounds in hexanes.     
Unfortunately, the preparation of potassium (2,6-dichlorophenyl)dimethylsilanolate 
K+54– by the addition of the corresponding silanol 54 to KH or KHMDS in THF led to rapid 
desilylation to 1,3-dichlorobenzene.  This problem has been encountered previously in the 
preparation of potassium (2-indolyl)dimethylsilanolates.70b  The instability of the potassium salts 
of heterocyclic compounds was circumvented by preparing the sodium silanolate.  While 
NaHMDS does not require any filtration prior to concentration, to ensure the silanol and 
silanolate  were not present simultaneously for extended periods, an excess of NaH was used 
(Table 5, entry 6).  The sodium salt was isolated as a white powder and proved to be highly 
stable. 
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Table 5. Preparation of Arylsilanols and the Corresponding Alkali-Metal Arylsilanolates. 
Si
O-M+
H3C CH3
R
X
R
1. conditions A-C
2. conditions D-F
M+X-
X = I, Br, H
 
entry starting reagent conditionsa arylsilanol 
yieldb, % 
silanol conditionsc arylsilanolate 
yieldb, % 
 
1 
I
H3CO  
 
A 
 
88 
 
39 
 
C 
 
91 
 
2 
I
 
 
A 
 
84 
 
52 
 
C 
 
99 
 
3 
Br
O
O  
 
B 
 
79 
 
55 
 
C 
 
90 
 
4 
Br
N
CH3
H3C
 
 
B 
 
94 
 
53 
 
C 
 
97 
 
5 
 
Br
F3C  
 
A 
 
 
87 
 
 
51 
 
  
  C 
 
 
95 
 
 
6 
Cl
Cl
Br
 
 
B 
 
95 
 
54 
 
D 
 
79 
a Methods for silanol preparations: A. 1. n-BuLi (1.0 equiv) or t-BuLi (2.0 equiv), Et2O, –78°C  2. 
D3 (0.33 equiv), Et2O, –78 °C to rt.  B. 1. n-BuLi (1.0 equiv) or t-BuLi (2.0 equiv), Et2O, –78 °C  
2. Me2SiCl(H), –78 °C to rt  3.[RuCl2(p-cymene)]2 or [Ir(1,5-cyclooctadiene)Cl]2 (1-2 mol %), 
H2O (2-5 equiv), CH3CN, rt. or aq. TBAOH (1.5 equiv, 1 M), CH3CN, 0 °C b Yields correspond to 
isolated, purified products c Methods for silanolate preparation:  C.  KH (1.2 equiv), THF or C6H6, 
rt. D. NaHMDS, THF, rt.  F. NaH (1.2 equiv), THF, rt.   
 
3.4.5. Optimization of Cross-Coupling Reaction Conditions.  
3.4.5.1. Choice of Appropriate Substrate.  
The selection of an appropriate substrate pair for the initial optimization was crucial in 
view of the limited substrate scope seen in previous studies.64 Whereas highly reactive 
silanolates from electron-rich silanols did react smoothly, less activated silanolates required more 
vigorous reaction conditions and gave poorer yields.  Thus, to ensure a successful demonstration 
of broad scope, very challenging substrates were chosen for optimization studies with the 
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expectation that conditions that work well for the poorest substrates, should be applicable to 
better ones in general.  Accordingly, potassium (4-trifluoromethylphenyl)dimethylsilanolate 
K+51– and 4-bromoanisole 40o were selected because of: (1) the poor nucleophilicity of K+51–, 
(2) the slower oxidative addition by Pd(0) catalysts to 40o, and (3) the increased propensity for 
40o to undergo unwanted homocoupling (see Chapter 2).  Orienting experiments with K+51– (1.5 
equiv) and 40o under conditions developed for couplings of arylsilanolates previously (Pd(dba)2 
and Ph3P(O) in toluene at 90 ˚C)65 provided low conversion and product yield (Table 3B, entry 
1).  Other Pd(II) and Pd(0) sources successfully catalyzed the cross-coupling reaction albeit in 
low yields (Table 3B, entries 2 and 4).  Moreover, the use of an N-heterocyclic carbene-based 
palladium catalyst gave a poor yield of 56o (entry 3). 
 
3.4.5.2. Palladium Source and Ligands.  
Clearly, a thorough optimization of reaction conditions was needed which began with 
studies on the influence of ligands.  Because APC is cleanly and quantitatively reduced to 
ligandless Pd(0) in the presence of arylsilanolates, this complex was chosen for the ligand studies 
(see discussion in Chapter 7).74  When APC was employed in the absence of ligands for the 
cross-coupling of K+51- (1.5 equiv) and 40o only a 9% yield of 56o was obtained (Table 6, entry 
5).  Employing APC and dppp(O)2 afforded a substantial increase in conversion and yield (entry 
6) compared to the ligandless conditions.  Under the reasonable assumption that a more 
coordinating ligand was required to prolong the catalyst lifetime, both dppp(O) and dppp were 
tested but proved to be ineffective (Table 6, entries 7-8).  Furthermore, the use of ligands that 
have been successful for the cross coupling of aryl-64a and alkenylsilanols69 including Ph3As and 
2-dicyclohexylphosphino-2’-6’-dimethoxybiphenyl (SPhos)98 provided poor yields of 56o 
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(entries 9 and 10 respectively).  Gratifyingly, the use of t-Bu3P in combination with APC 
provided complete conversion of 40o and a high yield of biaryl 56o (entry 11).  Although an 
acceptable yield of 56o was achieved, additional studies were needed to clarify the optimal 
catalyst loading and ligand stoichiometry.  
Table 6.  Optimization of the Ligand/Palladium Combination for the Cross Coupling of K+51-  
with 40o.a 
 
F3C
Si
O-K+
H3C CH3
F3C
OCH3
Br OCH3
Pd source, ligand
toluene, 90 °C
K+51–
40o
56o
(t-Bu)3PPd PdP(t-Bu)3
CH3
Cl
57
 
 
entrya Pd source, 
5 mol% Pd 
ligand, 
1/1 Pd/L 
time, 
h 
conversion, 
%b 
product 
yield, 
%c 
1 Pd(dba)2 Ph3P(O) 7 24 7 
2 (C3H5)CpPd dppp 20 100 30 
3 PdCl(C3H5)(Ii-Pr) - 20 43 10 
4 (Ph3P)4Pd - 20 68 37 
5 APC - 7 37 9 
6 APC dppp(O)2 7 95 45 
7 APC dppp(O) 7 54 30 
8 APC dppp 3 69 51 
9 APC Ph3As 7 22 12 
10 APC SPhos 7 71 46 
11 APC t-Bu3P 5.5 99 (100)d 79 (89)d 
12 APC t-Bu3P•HBF4 20 88 68 
13 57 - 7 90 73 
14 (t-Bu3P)2Pd (58) - 5 100 (100)e 88 (92)e 
a Reactions conditions: 1.5 equiv of arylsilanolate K+51-  and 1.0 equiv of 40o      
b Conversion was based on consumption of aryl bromide as determined by GC 
analysis using an internal standard.  c Yield determined by GC analysis using 
an internal standard.  d Yield in parentheses based on 2:1 ratio of ligand/Pd.   
e Conversion and yield in parentheses refers to the use of (t-Bu3P)2Pd 
purchased from Aldrich Chemical Co.   
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If indeed the active catalytic species is t-Bu3P-Pd(0), other catalyst combinations that 
could produce this complex should also be effective.  However, the more air and moisture stable 
t-Bu3P·HBF4 salt led to a slightly diminished overall yield (entry 12).  The use of the 
palladacycle catalyst 57 (previously described for the cross-coupling of indolyl-2-silanols)70a 
provided a comparable conversion and product yield at elevated temperatures (Table 1, entry 
13).  Interestingly, increasing the ligand/Pd loading from 1:1 to 2:1 using t-Bu3P and APC 
provided an additional increase in yield of 56o to 89% (Table 2, entry 11).  Finally, the 
preformed “Fu’s catalyst” ((t-Bu3P)2Pd (58)) with the desired ligand/Pd stoichiometry,99,100 led to 
complete consumption of both aryl halide and arylsilanolate to afford 56o in 88% yield (entry 
14).  At this point, only minor, substrate specific, modifications (solvent, temperature and 
stoichiometry) were needed to create a general set of reaction conditions.  
 
3.4.5.3. Solvent, Temperature, and Stoichiometry  
Solvents representing a wide range of polarities were tested (Table 7).  Toluene (ε=2.4) 
was an effective solvent for the cross coupling of K+51- (1.5 equiv), providing the biaryl in 92% 
yield within 5 h (entry 1). Benzotrifluoride, a slightly more polar aromatic solvent (ε=9.2), 
afforded 56o in 90% yield in 3 h (entry 2).  Ethereal solvents, such as dioxane (entry 5), led to 
productive cross coupling albeit in slightly lower yields.  The use of highly polar solvents, such 
as NMP or DMF, led to a rapid, unproductive consumption of aryl bromide in only 15 min 
(entries 3-4).  No biaryl product was obtained and multiple products were observed including 
reduction of the aryl bromide to anisole.  Ultimately, toluene was chosen as the solvent because 
of its widespread use and lower cost compared to benzotrifluoride.  
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Table 7.  Optimization of Solvent for the Cross Coupling of K+51– with 4-Bromoanisole.a 
K+51–
40o
56o
Si
H3C CH3
O-K+
(t-Bu3P)2Pd (5 mol %)
solvent, 90 °CF3C F3C
OCH3Br OCH3
 
entrya solvent dielectric  
constant 
time, 
h 
conversion, 
%b 
yield, 
%b 
1 toluene 2.4 5 100 92 
2 C6H5CF3 9.2 3 98 90 
3 NMP 32.2 0.25 100 0 
4 DMF 36.7 0.25 100 0 
5 dioxane 2.2 5 88 74 
a Reactions employed 1.5 equiv of K+51-. b Conversion and yield 
were determined by GC analysis using an internal standard 
 
Next, the reaction temperature was optimized using toluene as the solvent (Table 8). 
Initial studies began at 90 °C following earlier experiences with aryldimethylsilanols.  At this 
temperature, the cross coupling of K+51- (1.5 equiv) afforded 56o in excellent yield and short 
reaction time (Table 8, entry 3).  A 10 or 20 °C decrease in the temperature significantly 
decreased both conversion (72 and 66 %) and yield to only 66 or 61 % in 20 h, respectively 
(entries 1-2).  Although increased temperatures led to more rapid consumption of 40o, no 
increase in yield was obtained (entries 4 and 5). 
Table 8.  Optimization of Temperature for Cross Coupling of K+51–.a 
K+51–
40o
56o
Si
H3C CH3
O-K+
(t-Bu3P)2Pd (5 mol %)
toluene, tempF3C F3C
OCH3Br OCH3
 
 
 
 
entry temperature, °C time, h conversion, %b yield, %b 
1 70 20 66 61 
2 80 20 72 66 
3 90 5 100 92 
4 100 3 98 86 
5 110 1 100 86 
a Reaction employed 1.5 equiv of K+51-.  b Conversion and yield 
were determined by GC analysis using an internal standard. 
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The final dimension of optimization concerned the catalyst loading, reaction 
concentration and silanolate stoichiometry (Table 9).  Decreasing the catalyst loading to 0.01 
equiv relative to the aryl halide dramatically decreased the reaction rate (20 h) and product yield 
46% (entry 1).  Using 0.025 equiv of the catalyst gave a comparable yield of 56o but the reaction 
stalled at 89% conversion (entry 2).  Performing the reaction at a higher concentration (0.5 M 
with respect to 40o) resulted in a heterogeneous mixture at room temperature (entry 3).  
However, upon heating to 90 ˚C, the mixture became homogeneous and within 3 h, a 92% yield 
of 56o was recorded (entry 3, GC analysis).  An increase in the catalyst loading at the higher 
concentration (0.5 M) did not provide an increase in product yield.  Attempts at decreasing the 
amount of K+51– (from 1.5 equiv to 1.1 or 1.3 equiv) for the cross coupling afforded lower yields 
(entries 4-5).  The optimized cross-coupling conditions (1.5 equiv of K+51-, per aryl bromide, (t-
Bu3P)2Pd (2.5 mol %) in toluene at 90 °C) provide a simple and practical protocol that will be 
used in the substrate survey that follows.101 
Table 9.  Optimization of the Catalyst Loading for the Preparation of 56o.a 
K+51–
40o
56o
Si
H3C CH3
O-K+
(t-Bu3P)2Pd (X mol %)
toluene [conc], 90 °CF3C F3C
OCH3Br OCH3
 
entry cat. loading, 
equivb 
concentration, 
Mb 
time, 
h 
conversion, 
%c 
yield, 
%c 
1 0.01 0.25 20 55 46 
2 0.025 0.25 11 89 77 
3 0.025 0.50 3 98 92 
4d 0.025 0.50 5 79 74 
5e 0.025 0.50 5 91 82 
6 0.05 0.25 5 100 92 
7 0.05 0.50 3 100 91 
a Reactions employed 1.5 equiv of K+51–.  b Calculated based upon 
1.0 equiv. of aryl bromide.  c Conversion and yield were determined 
by GC analysis using an internal standard.  d Reaction employed 1.1 
equiv of K+51–.  e  Reaction employed 1.3 equiv of K+51–. 
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3.4.6. Preparative Cross-Coupling Reactions of Aryl Silanolates.  
3.4.6.1. Cross Coupling of Electron-Rich Alkali-Metal Silanolates with Aryl Halides.   
For the initial survey of cross-coupling reactions with aryl bromides under the newly 
developed conditions, K+39– was chosen as the silanolate coupling partner (Table 10). This 
arylsilanolate was used successfully in previous studies and should react in a similar fashion 
under the reaction conditions developed above.  Indeed, both electron-rich (entries 1-2) and 
electron-deficient (entry 3) aryl bromides reacted smoothly with K+39– to afford biaryls in good 
yields and reasonable reaction times (3-4 h).  2-Bromotoluene 40j was also reactive (entry 2) and 
provided the biaryl product efficiently within that reaction time.  Heterocyclic bromides were of 
particular interest because these substrates previously provided only modest success in the 
coupling with arylsilanolates.64b,88,94 Gratifyingly, 3-bromoquinoline 40p afforded the coupling 
product in high yield (entry 4). 
As has now become the state of the art, aryl chlorides are recognized as more useful 
substrates in view of their greater availability and lower cost, making them attractive candidates 
for these studies.81b  Although aryl chlorides are less reactive toward oxidative addition by 
palladium because of the stronger C-Cl bond,81a the use of strong electron-donating phosphine 
ligands such as t-Bu3P, has overcome this challenge.99a  Thus, the examination of aryl chlorides 
under identical conditions was undertaken.  When arylsilanolate K+39– was combined with a 
representative set of aryl chlorides, the biaryls were obtained in yields equivalent to those 
obtained from aryl bromides (Table 10, entries 5-6). Whereas, chlorobenzene reacted in 5 h to 
provide an 88% yield of 41d (entry 5), aryl chlorides bearing a methyl group at the 4-position 
required slightly longer reaction times (7 h, entry 6).  
Next, other electron-rich arylsilanolates bearing a N,N-dimethylamine as well as electron-
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neutral silanolates were examined (Table 10, entries 7-12). Thus, potassium (N,N-
dimethylaminophenyl)dimethylsilanolate K+53– reacted with a number of aryl electrophiles in 
short reaction times.  No immediate difference was encountered as electron-rich and electron-
deficient aryl bromides smoothly reacted to give the desired biaryl products in good yields 
(entries 7-9).  
The cross coupling of electronically neutral silanolates K+52– proceeded uneventfully. 
Silanolate K+52– was tested with a representative set of aryl bromides including 4-(1,3-
dioxolane)bromobenzene 40q (entry 12) providing further evidence for the mildness of these 
conditions.  Overall, a variety of substituents on the electrophile were compatible and only minor 
variations were observed between substrates.  With these promising results in hand, the 
investigation into more challenging aryl silanolates was pursued. 
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Table 10. Cross Coupling of Electron-Rich and Electron-Neutral Potassium Arylsilanolates with 
Aryl Bromides Using (t-Bu3P)2Pd.a  
MeO
Si
H3C CH3
O-M+
(t-Bu3P)2Pd (2.5-5 mol %)
toluene, 90 °C
R
R'
X
R'
 
entry R no. aryl halide no. catalyst 
loading. 
mol % 
time, 
h 
product yield, 
%b 
 
1 
 
4-OMe 
 
K+39- 
Br
CH3
 
 
40e 
 
2.5 
 
3 
 
41e 
 
88 
 
2 
 
4-OMe 
 
K+39- 
Br
CH3  
 
40j 
 
2.5 
 
3 
 
41j 
 
88  
 
3 
 
4-OMe 
 
K+39- 
Br
O
O
 
 
40q 
 
5.0 
 
4 
 
41q 
 
78  
 
4 
 
4-OMe 
 
K+39- 
N
Br  
 
40p 
 
5.0 
 
5 
 
41p 
 
85  
 
5 
 
4-OMe 
 
K+39- 
Cl  
 
40d’ 
 
5.0 
 
5 
 
41d 
 
88  
 
6 
 
4-OMe 
 
K+39- 
Cl
CH3
 
 
40e’ 
 
5.0 
 
7 
 
41e 
 
81  
 
7 
 
4-NMe2 
 
K+53- 
Br
OCH3
 
 
40o 
 
2.5 
 
3 
 
59o 
 
88 b 
 
8 
 
4-NMe2 
 
K+53- 
Br
CF3
 
 
40a 
 
2.5 
 
3 
 
59a 
 
80 b 
 
9 
 
4-NMe2 
 
K+53- 
N
Br  
 
40p 
 
2.5 
 
3 
 
59p 
 
73 c 
 
10 
 
d 
 
K+52- 
Br
OCH3
 
 
40o 
 
2.5 
 
4 
 
60o 
 
82 b 
 
11 
 
d 
 
K+52- 
Br
CF3
 
 
40a 
 
5.0 
 
5 
 
60a 
 
81 b 
 
12 
 
d 
 
K+52- 
Br
O
O
 
 
40q 
 
5.0 
 
4 
 
60q 
 
71 c 
a Reactions employed 1.5 equiv of arylsilanolate  b Yields are for isolated, chromatographically 
homogeneous products.  c Yields are for analytically pure products.  d Potassium (1-
naphthyl)dimethylsilanolate K+52– 
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3.4.6.2. Cross Coupling of Electron-Deficient Alkali-Metal Silanolates with Aryl Halides   
Previous reports from these laboratories revealed that electron-deficient silanolates 
performed poorly in cross-coupling reactions, most likely because of a slow transmetalation of 
the silanolate.64b,94  This failure was a major motivation for the current study and the reason that 
K+51– was selected for the optimization.  The demonstration that K+51– performed well under the 
modified reaction conditions stimulated the investigation of other electron-deficient 
arylsilanolates to determine their competency as nucleophilic partners for the preparation of 
biaryls.  Under the optimized conditions, K+51– combined with a number of aryl bromides (Table 
11) encompassing electron-rich (entries 1-3), electron-poor (entry 4), sterically-hindered (entry 
3) and heterocyclic substrates (entry 5) in moderate to excellent yields (68-92%).   
Additionally, (4-fluorophenyl)dimethylsilanolate, K+61–,  also afforded good yields of the 
desired products for the coupling of 3-bromoquinoline (Table 11, entry 8). No significant effect 
on the nucleophilicity of the nucleophile was observed employing heteroaryl bromides as similar 
yields compared to those obtained from reactions with electron-rich aryl silanolates (Table 10, 
entries 4 and 9). 
 Another interesting class of compounds that has gained attention in the medicinal 
chemistry sector are multi-substituted chlorinated arenes.  These compounds have been 
investigated for VEGFr2 and the Src family (Src and YES) kinase inhibition-based studies and 
required the use of 2,6-dichlorophenyl nucleophiles.102  Although the arylboronic acid is the 
most commonly used donor, these couplings lead to varying efficiencies and overall yields.  To 
improve the effectiveness of this class of nucleophiles, (2,6-dichlorophenyl)dimethylsilanolate 
Na+54- was prepared and investigated.  Orienting experiments with 4-tert-butylbromobenzene 
40r under the optimized reaction conditions led to modest conversions (ca. 80%) as the reactions 
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stalled (palladium black observed from catalyst death).  Conversions were only moderately 
improved by increasing both the amount of Na+54- and (t-Bu3P)2Pd respectively as unacceptable 
amounts of protiodesilylation were also observed.  To improve the nucleophilicity of the sodium 
silanolate, 1,4-dioxane was used as the solvent.  Surprisingly, the reaction rate diminished 
dramatically but 54 was detected by GC analysis after 2 h and only trace amounts of 
protiodesilylation were observed.  Unpredictably in THF at reflux (66 °C), no desired product 
was observed.  However when the reaction was performed in THF in a Teflon-sealed vessel at 90 
°C using 2.0 equiv of Na+54– and 7.5 mol% of (t-Bu3P)2Pd the complete consumption of 40r was 
observed.  This process was successfully employed for a number of aryl bromides to provide the 
desired biaryl in 68-76% yields (Table 11, entries 10-12).    
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Table 11. Cross Coupling of Electron-Deficient Potassium Arylsilanolates with Aryl Bromides 
Using (t-Bu3P)2Pd.a 
R
Si
H3C CH3
O-M+
(t-Bu3P)2Pd (2.5-5 mol %)
toluene, 90 °C
R
R'
X
R'
 
 
entry R no. aryl halide no. catalyst 
loading. 
mol % 
time, 
h 
product yield, 
%b 
 
1 
 
4-CF3 
 
K+51– 
Br
OCH3
 
 
40o 
 
2.5 
 
3 
 
56o 
 
92  
 
2 
 
4-CF3 
 
K+51– 
Br
N
CH3
CH3
 
 
40s 
 
5.0 
 
5 
 
56s 
 
90  
 
3 
 
4-CF3 
 
K+51– 
Br
OCH3  
 
40t 
 
5.0 
 
5 
 
56t 
 
78  
 
4 
 
4-CF3 
 
K+51– 
Br
CO2t-Bu
 
 
40b 
 
5.0 
 
5 
 
56b 
 
68  
 
5 
 
4-CF3 
 
K+51– 
Cl
CO2t-Bu
 
 
40b’ 
 
2.5 
 
5 
 
56b 
 
62 c 
 
6 
 
4-CF3 
 
K+51– N
Br  
 
40u 
 
5.0 
 
5 
 
56u 
 
73  
 
7 
 
 
4-F f 
 
K+61– 
N
Br  
 
40p 
 
2.5 
 
5 
 
62p 
 
84  
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3.5. Discussion 
The results above represent a significant expansion of substrate scope for the aryl-aryl 
cross-coupling process.  Two critical advances are responsible for these improvements: (1) the 
introduction and use of stable arylsilanolate salts, and (2) the discovery that (t-Bu3P)2Pd 
efficiently catalyzes the coupling while substantially suppressing the homocoupling, reduction 
and desilylation that plagued the earlier protocols. The ease of preparation of a wide variety of 
arylsilanolate salts and the simplicity of the coupling procedure makes these reagents viable 
alternatives to the more common organostannanes and –boranes used for similar transformations.  
The broad generality of the method has been demonstrated through an extensive survey of both 
nucleophilic and electrophilic partners bearing a variety of electron demand and substitution 
patterns.  
 
3.5.1. Preparation of Arylsilanols 
The methods employed for the synthesis of the arylsilanol component can utilize two 
different kinds of silicon partners, electrophiles (D3, Me2SiClH) and a nucleophile 
((EtO)Me2Si)2.  The preparation of arylsilanols via halogen-lithium exchange and capture with 
D3 proceeded uneventfully to yield the products in good to excellent yields in most cases.  For 
substrates that gave either unstable or unreactive organolithium compounds, the use of the more 
electrophilic dimethylchlorosilane was needed.  In general, the resulting silanes were readily 
oxidized to the silanols with water under catalysis by a Ru or Ir complex.  However, one 
unexpectedly challenging case warrants further comment. Initial attempts to prepare (4-[1,3-
dioxolane]phenyl)dimethylsilanol 55 by trapping the organolithium species with D3 led to low 
yields and dimerization to the disiloxane.  Nevertheless, trapping the aryllithium with 
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dimethylchlorosilane furnished the arylsilane in 99% yield. Unfortunately, further difficulties 
were encountered in the oxidative hydrolysis using either [RuCl2(cymene)]2 or [IrCl(COD)]2 in 
MeCN/H2O in which significant amounts of acetal cleavage (3-10%) were observed.  Although 
the oxidative hydrolysis was successful in basic medium (0.1 M NaHCO3 solution), deprotection 
of the acetal was still observed.  The problem was easily solved by performing the oxidative 
hydrolysis with tetrabutylammonium hydroxide in aqueous acetonitrile.95,103  The ability to 
maintain a basic, metal-free medium was crucial to afford the desired silanol in excellent yield. 
 
3.5.2. Preparation of Silanolate Salts.   
The potassium salts of the arylsilanols were used almost exclusively in this study because 
they allowed for rapid combination with the palladium(II) halide intermediates to form the 
requisite palladium(II) silanolates without promoting undesirable base-induced reactions.53,104  
More importantly, with only one exception, the reagents are isolable, free-flowing solids that are 
indefinitely stable and require no additional activation. The majority of arylsilanolates were 
prepared by simple deprotonation of the silanols with KH in THF, however benzene can also be 
used as a more inert, less-polar solvent medium. 
Unexpected difficulty in preparing the potassium silanolate from silanol 54 occurred.  
Treatment of 54 with either KH or KHMDS in a number of solvents provided a dark, viscous oil 
which contained no identifiable products.  Making recourse to the sodium silanolate led to the 
isolation of Na+54– as a stable, colorless solid.  The stability and ease handling of the 
arylsilanolate salts were significant because most arylsilanols are liquids and are prone to 
dimerization to form disiloxanes in the presence of trace amounts of acid or base.  However, the 
silanolate salts are indefinitely stable at room temperature in a moisture free environment 
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(similar to sodium methoxide) and their physical properties facilitate handling, transportation, 
and storage.  
  
3.5.3. Optimization of Reaction Conditions   
The reaction conditions described above have allowed the successful cross coupling of a 
broad range of arylsilanolate reagents containing various functional groups. Previous reports 
from these laboratories required harsher conditions which required external activators such as 
fluoride or Brønsted bases.64b,88,94  Unfortunately, the substrate scope using these protocols was 
limited to electron-rich arylsilanols.  The introduction of preformed arylsilanolate salts represents 
significant operational and preparative advantages.  The arylsilanolate nucleophile can be 
charged directly into the reaction mixture with an aryl electrophile in the presence of a palladium 
catalyst.  
Performing optimization studies with K+51- proved critical to the development of a 
general set of conditions for the cross coupling of aryl silanolates.  The diminished reactivity of 
this electron-deficient silanolate should affect two key steps in the catalytic cycle. The rate of 
both the displacement of the palladium halide (vii to viii) and the transmetalation of the 
palladium silanolate (viii to ix) would be affected by the lower electron density of this benzene 
ring (Figure 12). 
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Figure 12. General cross-coupling reaction of arylsilanolate salts 
 
The identification of (t-Bu3P)2Pd as the catalyst was crucial to the success of this 
program. “Fu’s catalyst” allowed for rapid oxidative addition with aryl bromides, and rapid 
transmetalation thus avoiding unwanted side processes.  The use of a palladium(0) source 
avoided the necessity for the reduction of a palladium(II) precatalyst (e.g. APC) and proved 
advantageous. Recent studies from these laboratories have demonstrated that the reduction of 
APC requires a stoichiometric amount of the arylsilanolate (with respect to palladium(II)) to 
produce palladium(0) (Chapter 7).74 Alternatively, phosphines can serve as the reducing agent 
for the palladium(II) precatalyst by formation of the corresponding phosphine oxides.105  This is 
significantly more wasteful, especially for expensive and sensitive phosphines that would thus 
have to be used in super-stoichiometric amounts (with respect to palladium(II)). Moreover, the 
phosphine oxides are much less Lewis basic than the strongly electron-rich phosphines and are 
ineffective at maintaining catalyst life and promoting facile oxidative additions to aryl halides.   
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3.5.4.  Scope of Arylsilanolate Structure   
The most significant advance described in this work is the expansion of scope of the 
arylsilanolate beyond the 4-anisylsilanolate, K+39–, reported previously.64b,94 For the silicon-
based, cross-coupling reaction to be competitive with other methods for the synthesis of biaryls, 
a much wider range of both coupling partners was needed. Fortunately, the combination of 
preformed silanolate salts and (t-Bu3P)2Pd enabled that expansion of scope.106 The discussion 
below follows the presentation of the different classes of substrates contained in the Results 
section.  
 
3.5.4.1. Electron-rich Arylsilanolates   
Although the cross coupling of K+39– was already well documented, the limited scope of 
these studies prompted a full investigation of the functional group compatibility under the newly 
developed conditions.  As expected, K+39– reacted smoothly with a number of aryl bromides in 
good yields (78-88%).  The ability to employ other electron-rich silanolates including K+52– and 
K+53–  proved promising in the improvement of the scope of the nucleophile.  The sterically 
hindered naphthyl(dimethyl)silanolate K+52– participated smoothly in the coupling reaction 
without any observable change in the rate.    
 
3.5.4.2. Electron-deficient Arylsilanolates   
The cross coupling of electron-deficient arylsilanols represented one of the greatest 
challenges to this enterprise.  Only one example of this class of arylsilanols had been reported 
previously (51) and the results were far from optimal (low yields with CsOH as the activator at 
110 ˚C in toluene). The forcing conditions limited the scope of aryl electrophiles that could 
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participate.  Presumably, the problem is associated with the poor equilibrium concentration of 
active silanolate because of the ready and favorable formation of the disiloxane.  In addition, the 
electron-deficient nature of the silanolate leads to slower displacement and transmetalation (see 
discussion in Chapter 5).  However, these problems were effectively overcome by the use of the 
preformed potassium silanolate K+51–.  Silanolate K+51– was resistant to disiloxane formation 
and underwent efficient cross coupling with a wide range of electrophiles in moderate to good 
yields. Similarly, 4-fluorophenylsilanolate K+61– successfully participated in the cross-coupling 
reaction with a heteroaryl bromide. 
 Although silanolate K+55– containing a dioxolane protective group is not rigorously an 
electron deficient arene, it nonetheless could be prepared easily and underwent smooth cross 
coupling with a number of aryl bromides in excellent yields. The parent aldehyde was not 
compatible with these reaction conditions.  
 Silanolate Na+54– also proved to be an extremely interesting example both preparatively 
and mechanistically.  Attempts to directly translate the optimized conditions to this substrate 
were ineffective.  Although the product was detected, the reaction quickly stalled with the 
formation of palladium black.  Moreover, significant amounts of protiodesilylation were 
observed by GC/MS leading to an overall decrease in the concentration of active silanolate.  
These two observations lead to the hypothesis that the sodium silanolate along with the steric 
environment were dramatically slowing down the displacement step.  To improve the 
nucleophilicity, ethereal solvents were surveyed and were found to improve the lifetime of the 
sodium salt with only trace amount of protiodesilylation observed.  Presumably, by increasing 
the charge separation of the two ions, the nucleophilicity of Na+54– was improved and allowed 
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for the reaction to proceed as the concentration of the silanolate decreased.  In addition, the more 
rapid displacement prevented protiodesilylation from occurring. 
  
 
3.5.5.  Scope of Electrophile Structure  
3.5.5.1. Electron-rich Electrophiles   
A wide range of substituted, electron-rich aryl bromides were surveyed in the cross 
coupling with arylsilanolates. The position of the functional group on the electrophile had little 
influence on the overall process. For example, the cross-coupling of K+39– with 4- and 2-
bromotoluene afforded the biaryl compounds 41e and 41j in the same yield and reaction time. 
This result demonstrates the insensitivity the catalyst feels due to steric effects.  However, this 
conclusion must be tempered by the results from the reaction of K+51- with 2- and 4-
bromoanisole, which afforded the biaryl products 56t and 56o in 78% and 92% yield 
respectively. From these results it is clear that the heteroatom plays a role in the overall 
effectiveness of this process. Coordination of the Lewis basic aryl oxygen to an open 
coordination site at the palladium center lowers the reaction rate.  Subsequently, partial 
inhibition leads to lower yields as compared with the methyl substituted systems. However, 
unlike other systems reported previously, the coordination retards, but does not completely 
inhibit the reaction.65 
 
3.5.5.2 Electron-deficient Electrophiles   
Generally, the cross coupling of arylsilanolates with electron-poor electrophiles afforded 
good to excellent yields of the biaryl products.  Reactions of electron-rich silanolate K+52– and 
K+53– with electron-poor bromides yielded the biaryl products in good yields (80-81%).  
           
68 
Similarly, cross coupling of electron-poor silanolate K+51- with tert-butyl 4-bromobenzoate 40b 
gave the biaryl products in an acceptable yield (68 %).  The mildness of this protocol is 
illustrated by the competency of esters (40o) and acetals (40q) to be present without any 
appreciable reaction occurring at these sensitive functional groups. 
 
3.5.5.3 Heterocyclic Bromides   
Previously, the cross coupling of arylsilanols with heteroaryl bromides was only 
moderately successful.  However, the reaction conditions described herein successfully promote 
the cross coupling without any decrease in reaction rate or yield.  Reactions of 3-bromoquinoline 
and 3-bromopyridine with a number of arylsilanolates afforded biaryl compounds in good yields 
(61-85%) with no significant differences in rate.  The success of these reactions is attributed to 
facile catalyst turnover without interference of the heteroatom binding to the palladium center 
that would result in stalling. 
  
3.5.5.4. Aryl Chlorides   
The cross coupling of aryl chlorides is more challenging because oxidative addition of C-
Cl bonds is more difficult compared to C-Br bonds.  Furthermore, the halide displacement from 
Aryl-Pd(X)Ln is further attenuated by the greater affinity of chloride for palladium(II).107  This 
obstacle has been overcome and arylsilanolates smoothly cross couple with aryl chlorides, as 
illustrated by the successful reaction of K+39– with 4-chlorotoluene to afford 41e.  Similarly, 
reaction of electron-deficient silanolate K+51– with tert-butyl 4-chlorobenzoate 40b’ afforded the 
respective biaryl adduct in comparable yields compared to the corresponding bromide derivative 
30b. 
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3.6.  Conclusions 
 A broadly applicable protocol for the cross coupling of alkali-metal, aryl- and 
heteroarylsilanolates with aromatic bromides and chlorides has been developed. Under catalysis 
by (t-Bu3P)2Pd, a wide range of electron-rich, electron-poor, and sterically hindered 
aryldimethylsilanolates underwent smooth coupling with a wide range of aryl halides. The 
advantages of using the preformed silanolate salts include their ease of synthesis from 
inexpensive precursors, stability to storage, resistance to disiloxane formation, and self-
activating properties. The broad substrate scope, functional group compatibility, and anhydrous 
conditions for cross coupling bode well for the adoption of this method particularly in cases 
where the traditional boron or tin-based reagents are problematic.  
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Chapter 4. Mechanistic Duality in the Cross-Coupling of Arylsilanolates with Aryl 
Bromides 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
4.1.  Introduction 
Palladium-(and nickel-) catalyzed cross-coupling reactions have emerged as the premier 
methods for construction of carbon-carbon (and carbon-heteroatom) bonds between unsaturated 
organic moieties. The historical development, diversification and applications of the myriad 
variants of this process are amply chronicled in recent monographs and authoritative volumes.11 
As discussed in Chapter 1, the generally accepted mechanism for these transition metal-
catalyzed, cross-coupling reactions involve: (1) oxidative addition to an electrophilic halide or 
pseudo halide (2) transmetalation from an organometallic donor and (3) reductive elimination to 
generate a new C-X bond (Figure 13).  Although the oxidative addition of an organic halide to a 
Pd(0) complex is common among most coupling reactions, the transmetalation step is distinctive 
to the organometallic donor employed.  Whereas kinetic studies have provided independent 
evidence for these pathways, the ability to isolate and characterize pre-transmetalation precursors 
is needed to unambiguously establish the course of palladium-catalyzed, cross-coupling 
reactions.108,109 
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Figure 13.  Generally accepted mechanism for the metal-catalyzed cross-coupling reaction 
 
4.2. Background – Current Mechanistic Understanding of Cross-Coupling Reactions of 
Organosilanols 
4.2.1. Mechanism of Fluoride-Promoted Cross-Coupling Reaction of Alkenylsilanols 
Kinetic investigations from these laboratories on the mechanism of palladium-catalyzed 
cross-coupling with alkenyl(dimethyl)silanols110 revealed that the transmetalation step is 
dependent on the reaction conditions.  Cross-coupling of (E)-dimethyl(1-heptenyl)silanol 1 under 
“classical activation”111 by TBAF proceeds via a pentacoordinate siliconate complex that 
engages in a bimolecular transmetalation with an organoPd(II)-X acceptor.110 Initially, attempts 
at identifying the reactive intermediates in the catalytic reaction were pursued.  Unfortunately, no 
reactive intermediates were isolated owing to the rapid cross coupling of alkenylsilanols 
promoted by TBAF.  However, when the starting silanol is treated with TBAF, two new species 
can be characterized by spectroscopic methods (19F, 1H and 29Si NMR).  Disiloxane 65 and 
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fluoride-bound silanol complex 66 were identified as the intermediates by a combination of 
crossover experiments and independent preparation of 65.  These two species exist in a rapid 
equilibrium, which can be affected by the concentration of fluoride anion (Scheme 23).  
Scheme 23. 
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Next, initial rate kinetics are used to establish the rate equation for the fluoride-promoted 
cross-coupling of alkenylsilanols.  The order in each component was determined and two 
separate kinetic regimes were identified.  When the TBAF loading is low, the rate equation is 
equal to kobs[37]2[TBAF]1 while higher concentrations of TBAF results in an inverse first-order 
dependence on the concentration of TBAF (rate = kobs[37]2[TBAF]-1 ).  These data are consistent 
with a mechanistic picture, which involves rate-limiting transmetalation from intermediate 67 
(Scheme 24).  At higher loadings of TBAF, the quantity of 65 is decreased as the equilibrium lies 
towards the hydrogen-bound fluoride adduct 66.  For productive coupling to occur, the fluoride 
anion must dissociate from 66 and allow formation of disiloxane 65, therefore the inverse order 
dependence with respect to TBAF concentration.  At lower initial concentrations of TBAF, the 
concentration of disiloxane 65 is greater, however rate-determining formation of the fluoride-
activated disiloxane 67 requires a molecule of fluoride anion and predicts a first-order 
dependence for TBAF. 
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The mechanism of transmetalation must proceed by initial formation of the 
disiloxane/fluoride-adduct equilibrium.  Activation of the disiloxane by TBAF results in the 
formation of 67, which suffers a bimolecular transmetalation with an oxidative addition 
intermediate.  The reactive intermediate 67 is never formed an appreciable amounts and cannot 
be detected by standard spectroscopic methods.   
 
4.2.2. Mechanism of Fluoride-Free Cross-Coupling of Alkenylsilanols 
The invention of the Brønsted-base promoted cross coupling of silanols has 
revolutionized the ability to use organosilanes as competent nucleophiles.64,112  Eliminating the 
requirement of fluoride allows for silicon-protecting groups to be used in addition to alleviating 
the need for expensive and corrosive stoichiometric activators.  Early hypothesis on the 
mechanism of the cross-coupling of alkenylsilanol coupling proposed that a deprotonated 
silanolate serves a similar role as fluoride by activating silicon towards transmetalation (xiii, 
Figure 14).  However, mechanistic studies reveal saturation kinetics suggesting that upon silanol 
deprotonation, the resulting silanolate (xi) forms an adduct (xii) with the organopalladium(II)-X 
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intermediate (x) from which (turnover limiting) transmetalation occurs spontaneously (Figure 
14).  The detailed kinetic analysis of the fluoride-free coupling of silanolate K+37- was consistent 
with this mechanism and reveals two rate-limiting kinetic regimes. 
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Figure 14. Proposed catalytic cycle for the fluoride-free cross-coupling of alkenylsilanolates 
 
Under catalytic conditions, the rate equation was equal to kobs[ii]n (n =1 for ii/Pd <20/1 
and n = 0 for ii/Pd > 20/1) for the cross coupling of silanolate K+37– with 2-bromothiophene 
catalyzed Pd(dba)2 (Figure 15).  The observation of first order kinetic behavior for both K+37– 
and Pd is consistent with a turnover-limiting displacement of K+37– onto oxidative addition 
intermediate x.  However, increasing concentrations of K+37– results in saturation of 
intermediate xii from which rate-limiting intramolecular transmetalation occurs.  These 
experiments cannot exclude the possibility of saturation kinetics for the activated transmetalation 
under catalytic conditions.  To establish which pathway was the operative, the cross-coupling of 
alkenylsilanolate was performed using stoichiometric quantities of palladium.  When the 
concentration of K+37– was doubled, no rate increase was obtained.  Therefore, the mechanism 
of fluoride-free cross coupling of organosilanols must proceed directly from a 8-Si-4 
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palladium(II) silanolate intermediate (iii).  Because, this latter conclusion violated the reigning 
dogma that transmetalation from silicon to palladium required an anionic siliconate species,8  the 
independent documentation of this pathway by isolating a pretransmetalation intermediate was 
desired. 
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Figure 15.  Rate dependence on K+37– for the palladium-catalyzed cross-coupling of K+37– with 
2-bromothiophene. 
 
4.3. Research Objectives 
The unexpectedly facile transmetalation from the putative alkenyl(dimethyl)Si–O–
Pd(aryl) species xii precluded its isolation and demonstration of its kinetic behavior.  However, 
such an intermediate might be isolable by employing an arylsilanolate as the nucleophilic partner 
because cross-coupling reactions of these species requires elevated temperatures and proceeds 
via a slower transmetalation step.64b  Moreover, the use of strongly coordinating phosphine 
ligands might also stabilize the transmetalation precursor and allow for its isolation.  Fortunately, 
both of these requirements are met in the cross-coupling of arylsilanolates with aryl halides using 
bis(tri-tert-butyl)phosphine palladium(0) (Chapter 3).106  The isolation of stable, T-shaped 
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complexes of arylpalladium halides and alkoxides ligated with (t-Bu)3P12 suggested that the 
arylsilanolate complexes could also be sufficiently stable for isolation. 
The following studies were conducted to address two major mechanistic questions 
regarding the cross-coupling of arylsilanolates: 
(1) Kinetic analysis of the cross-coupling reaction to determine the rate-limiting step of the  
catalytic cycle for this class of organosilanols 
(2) The isolation of the putative 8-Si-4 palladium(II) silanolate and identification of a direct,  
transmetalation pathway 
 Once these goals were attained, a complete mechanistic picture can be formulated that 
shows how organosilanol cross-coupling reactions proceed. 
 
4.4. Results 
4.4.1. Kinetic Analysis of the Catalytic Reaction 
 First, to vouchsafe that the arylsilanolate cross-coupling was proceeding in a 
transmetalation-limiting regime, the rate equation for the cross-coupling of potassium (4-
methoxyphenyl)dimethylsilanolate (K+39–) with 4-fluorobromobenzene (40v) catalyzed by (t-
Bu3P)2Pd 58 was determined.  The partial order in each component in the reaction was 
determined individually at 95 ˚C in toluene (Scheme 25) using 19F NMR analysis.  Kinetic rates 
were determined from the slope of the plot of the loss of aryl bromide over time as determined 
through > 3 half lives. 
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The partial order in silanolate was obtained by comparison of the initial rates of aryl 
bromide decay versus 75, 150 and 300 mM concentrations of K+39–. An overlay of the linear 
plots of the kinetic data clearly shows no effect on the concentration of K+39– and establishes 
zeroth-order behavior for this component. Next, the rate dependence on [40v] was similarly 
established to be zeroth order using concentrations of 100, 200 and 400 mM for this component. 
Finally, the rate dependence on the amount of the palladium catalyst was determined by 
comparison of the rate constant (kobs) versus 0.05, 0.10, 0.15 and 0.20 equiv of (t-Bu3P)2Pd at 
100 mM in 40v.  A positive slope of 0.979 obtained from a log plot of kobs versus [Pd] is 
consistent with a first order dependence of the observed rate constant on the concentration of 
palladium.  Thus, the overall rate equation for the reaction of K+39– with 40v catalyzed by (t-
Bu3P)2Pd is shown in equation 1 (with a rate of 1.06 x 10-2 mMs-1).  This rate equation matches 
that of the alkenylsilanolates reported previously53 and suggests that a turnover-limiting, 
transmetalation from an arylpalladium(II) intermediate is taking place. 
-d[40v]/dt = kobs[K+39–]0[40v]0 with kobs = k[Pd]0.98                         (1) 
 
Accordingly, if transmetalation is indeed the turnover-limiting step, then either 
arylpalladium(II)silanolate complex xvi or xvii should be detectable (Figure 16). However, 31P 
NMR analysis of the reaction mixtures showed that the predominant phosphine-containing 
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species was (t-Bu3P)2Pd (δ31P,  85.4 ppm).99a  A plausible explanation for this behavior is that 
the signal for the palladium silanolate complex is broadened at elevated temperatures and is not 
visible. Thus, to gain insight into the individual steps in the catalytic cycle, attention shifted to 
investigating these events stoichiometrically. 
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Figure 16. Plausible mechanism for the cross-coupling of arylsilanolates 
 
4.4.2.  Study of the Individual Steps in the Catalytic Cycle 
4.4.2.1. Oxidative Addition 
 The independent synthesis of the proposed transmetalation precursor began with the 
preparation of the oxidative addition complex.113  The oxidative addition of aryl halides 
employing t-Bu3P has been studied extensively by Hartwig and co-workers.42b  The three-
coordinate palladium(II) bromide can be prepared by treating (t-Bu3P)2Pd 58 with an excess of 
40v at elevated temperatures.  Although this method produces the T-shaped, monomeric complex 
(t-Bu3P)(4-FC6H4)PdBr (68), the isolated yield is often lower than desired (avg. 30%).  The yield 
of 58 can be improved by addition of catalytic quantities of t-Bu3P•HBr 69, which has been 
demonstrated to catalyze the oxidative addition starting from 40v.42a  Reacting 58 with 40v in 2-
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butanone at 70 °C in the presence of 3 mol % of 69 results in the formation of 68 which could be 
isolated in 40-50% yield (Scheme 26). 
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4.4.2.2. Displacement of Palladium(II) Bromide Intermediate By Silanolate 
 Next, the displacement step was simulated by adding an equimolar quantity of K+39– to a 
solution of 68 in toluene.  Inspection of both the 31P and 19F NMR spectra of the mixture 
revealed no observable changes of the diagnostic resonances in the spectra.  Even after 30 min, 
only a single species was present that appeared to be the starting complex 68.  To establish if, in 
fact, no reaction had taken place, or if the resonance position of the educt and product are 
coincident, a systematic titration study was undertaken (Scheme 27).   
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Accordingly, complex 68 was treated with 0.2 equiv of Cs+39– and immediately upon 
addition of the silanolate, a new 31P NMR resonance was generated (77.0 ppm) in addition to that 
for 68 (-64.5 ppm) (Figure 17).  An additional 0.3 equiv of Cs+39– was added to the reaction 
solution and 68 was completely consumed leaving a single species (77.0 ppm) in the 31P NMR.  
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The stoichiometry of these experiments suggested that displacement occurs rapidly and the 
mutual coexistence of the bromide complex 68 and silanolate product resulted in a dimerization.  
Subsequent addition of 0.5 equiv of Cs+39– caused disappearance of the signal at 77.0 ppm with 
concomitant formation of a new signal at 65.4 ppm.  This new species was spectroscopically 
identified as the proposed aryl palladium(II)silanolate complex 70. 
 
Figure 17. 31P NMR of Displacement Step for Cross-Coupling of Arylsilanolates 
 
 Ultimately, the structure of adduct 70 was confirmed by isolation and single crystal X-ray 
analysis (Figure 18).114,115 As hypothesized, compound 70 contains the Pd-O-Si linkage that was 
proposed for the transmetalation precursor.  The bulkiness of the tert-butyl phosphine allows for 
only one ligand to bind to palladium resulting in a three-coordinate complex with an empty 
coordination site.  The Pd(1)-O(1) bond length (2.02 Å) is similar to those previously observed 
for palladium(II) silanolates.116 Furthermore, the Si(1)-O(1) bond length is typical for silanolates 
which suggests that the ligand effect at the palladium center is not as substantial compared to 
other bisphosphine palladium(II)silanolate complexes (Chapter 6).  A weak agostic interaction 
Cs+39– 
Cs+39– 
Cs+39– 
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between one of the H atoms of a t-Bu methyl group and the palladium is noted. In addition, the 
Pd(1)-O(1)-Si(1) angle of 128.5˚ is considerably more acute compared to other known 
palladium(II)116 and platinum(II)109 silanolates and the nonbonded distance between the silicon-
bearing ipso carbon and the palladium atom (3.70 Å) hints to a weak interaction that anticipates 
the transmetalation event.  
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Figure 18. X-ray crystal structure of complex 70.  Hydrogens removed for clarity. 
 
4.4.2.3. Transmetalation of Arylsilanolates from an Arylpalladium(II) Silanolate 
With the desired arylpalladium(II) silanolate complex in hand, a study of the 
transmetalation process was initiated.  Simply heating complex 70 in toluene at 50 °C resulted in 
the formation of the biaryl product in 80-90% yields with concomitant formation of PdL2 
(Scheme 28).117,118  The thermal transmetalation process followed a first-order decay at 5.0 x 10-4 
s-1.  Because the starting palladium catalyst has a 2:1 ligand/palladium ratio, the stoichiometric 
transmetalation was performed in the presence of t-Bu3P to establish if a partial order in ligand 
could be detected as well.  Heating a solution of complex 70 (formed in situ in toluene) in the 
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presence of 2 and 5 equiv of t-Bu3P led to a clean reaction with rate constants of 4.7 x 10-4 s-1 
and 4.9 x 10-4 s-1, respectively. Thus, the similar rates of thermal reaction at varying 
concentrations of free phosphine clearly indicate a zeroth order concentration dependence for the 
ligand.  These data suggest that phosphine dissociation is not required for transmetalation and 
that the arene simply transfers to the open coordination site on palladium directly. These 
experiments provide further evidence of an unactivated, thermal transmetalation pathway for 
silicon-based, cross-coupling reactions.   
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For these kinetic studies described above, the palladium(II)silanolate complex 70 was 
generated in situ for ease of manipulation.  Because the arylpalladium(II) arylsilanolate complex 
was generated in situ together with cesium or potassium bromide, the ability for the inorganic 
salt to serve an activating role could not be discounted.  First, to determine if any appreciable 
amount of the inorganic salt was present in toluene, the solubility of these inorganic salts was 
determined independently.119  Both CsBr and KBr (> 3 g each separately) were added to boiling 
toluene (20 mL) and vigorously stirred for ca. 5 min.  The mixture was cooled to room 
temperature and the solids were allowed to settle to the bottom.  The supernatant solution was 
removed (6 mL) using a 22G needle to ensure no solids transferred and added to a oven dried 
vial.  The volatiles were removed in vacuo and no detectable quantity of either CsBr or KBr was 
found even in 6 mL of a saturated toluene solution.  Nonetheless, to ensure that similar rate 
           
83 
constants could be obtained in the absence of the alkali-metal bromide, the reactions were 
repeated with careful separation of the reaction solution from the inorganic precipitate.  The rate 
constant for the thermal transmetalation removing the inorganic salts was similar to that 
previously determined, thereby suggesting the effect by the inorganic salt is negligible.       
However, in a few instances the rapid formation of biaryl products was observed at room 
temperature.  To elucidate the origin of these anomalously fast reactions, complex 70 was treated 
with K+39– (1.0 equiv) and 41v was formed in excellent yield (>90%) at room temperature!  
Because the catalytic reaction is necessarily performed with a large excess of silanolate with 
respect to palladium, a kinetic study was undertaken to compare the rates of transmetalation of 
these different processes.  Therefore, treating 70 with 1.0 equiv of K+39– at 50 °C afforded the 
biaryl product with a kobs of 5.0 x 10-3 s-1. This observed rate constant corresponds to a 10-fold 
increase compared to the thermal process established above.  These data suggest that an 
activation-type pathway via a 10-Si-5 complex may also be operative.  
If, in fact, the silanolate is opening a pathway for activated transmetalation, then 
modulating the nucleophilicity of the arylsilanolate should manifest in an observable change in 
rate.  Thus, when the cesium salt of 39 was employed in combination with 70 at 50 °C, product 
formation was so fast that the rate could not be measured. To compare the rates of 
transmetalation using different silanolates, the reaction was instead performed at room 
temperature (21 °C).  Scheme 29 clearly shows that Cs+39– leads to a more rapid consumption of 
70 compared to K+39– to afford the unsymmetrical biaryl product.  In fact, the rate constant for 
the Cs+39– induced reaction was 4.5 times larger than that for K+39–. These data suggest that the 
increased nucleophilicity of the arylsilanolate plays a role in the formation of the 10-Si-5 
siliconate intermediate.   
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Furthermore, the kinetic dependence on [Cs+39–] was determined by comparing the rate 
constants for the reaction in Scheme 29 at 6.6, 12.5 and 25 mM (Figure 19).  A positive slope of 
1.00 obtained from a log plot of the kobs versus concentration clearly shows a first order 
dependence and provides additional support for the activated pathway.  Once the palladium(II) 
silanolate is formed from a fast displacement step, a second molecule of Cs+39– is required to 
activate the silicon atom toward transmetalation. 
 
Figure 19.  First-order decays for the activated transmetalation of 70 at varying concentrations 
of Cs+39– 
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4.5.  Discussion 
4.5.1. Kinetic Analysis of the Cross-Coupling of Arylsilanolates 
 The initial goal of this study was to determine whether the cross coupling of K+39– was 
proceeding in an identical kinetic regime as the alkenylsilanolates.  The concentration 
dependence for each reactant in the catalytic reaction can help establish the rate-limiting step.  
As such, each step in the catalytic cycle predicts different concentration dependence for each 
species.  Thus, the data obtained from the kinetic experiments can be compared to the predicted 
values in order to determine the turnover-limiting step.   
 If oxidative addition (step A) was turnover limiting, then both palladium and aryl halide 
should exhibit first-order behavior (Figure 20).  If the displacement step (step B) was turnover 
limiting, then the catalytic reaction would accumulate intermediate 68 and a first-order 
dependence for the silanolate would be expected.  For a rate limiting transmetalation, two 
separate scenarios can be envisioned.  For a direct transmetalation from intermediate 70, the only 
species in the catalytic reaction that would affect the rate constant would be palladium as 
increasing concentrations of both aryl halide and silanolate would not accelerate the reaction.  
This prediction arises from the accumulation of the palladium(II) silanolate complex as the 
resting state of the catalytic cycle.  Alternatively, if a second molecule of silanolate is required 
for transmetalation, the expected rate order for silanolate could be either 0th or 1st.  A zeroth-
order rate dependence for silanolate would be predicted if the activated complex 72 becomes 
saturated prior to transmetalation.  However, if the palladium(II) silanolate intermediate is not 
saturated with silanolate, then a first-order dependence for arylsilanolate would be expected.  If 
the formation of the biaryl carbon-carbon bond was rate limiting (reductive elimination, step F), 
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no rate dependence for either aryl halide or silanolate would be expected and only the 
concentration of palladium would appear in the rate equation. 
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Figure 20.  Proposed steps of catalytic cycle for the cross coupling of arylsilanolates. 
 
 The experimentally determined rate equation for the cross coupling of K+39– has no order 
dependence for either aryl bromide or arylsilanolate (-d[40v]/dt = kobs[K+39–]0[40v]0 with kobs = 
k[Pd]0.98).  This rate equation matches that of the alkenylsilanolates reported previously53 and 
either a turnover-limiting, transmetalation from an arylpalladium(II) intermediate is taking place 
or rate limiting reductive elimination from the bisarylpalladium(II).  While this rate equation is 
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consistent with turnover limiting reductive elimination, the elimination of diorganyl 
palladium(II) intermediates is known to be extremely rapid, thus transmetalation remains the 
only viable turnover-limiting step.55a,120  However, this rate equation cannot differentiate 
between direct transmetalation via 70 or activated transmetalation via 71 as the ratio of 
silanolate/Pd is large (Figure 20). 
 
4.5.2. Displacement of Arylpalladium(II) Bromide Intermediate with Arylsilanolate 
 The displacement step for the catalytic process involving complex 68 and M+39– is 
extremely rapid.  When a equimolar solution of either K+39– or Cs+39–  is added to a solution of 
the three-coordinate palladium(II) bromide, no starting material can be detected even after 
immediate addition.  The only set of conditions that allows for the mutual coexistence of 
silanolate and palladium bromide is when 0.25 equiv of M+39– is employed.  The addition of 
substoichiometric amounts of M+39– results in the formation of a new phosphine containing 
species which is assigned as a dimer of a palladium(II) silanolate and palladium(II) bromide 
complex (Figure 21).  Unfortunately, no conclusive evidence has been gathered regarding this 
assignment as attempts at isolating this species were unsuccessful.  The only indirect evidence 
that supports this hypothesis is associated with the chemical shifts of monomeric and dimeric 
palladium alkoxides complexes reported by Hartwig.121  The 31P NMR chemical shifts of the 
palladium(II) alkoxide complexes that exist as dimeric structures are located between 70-80 
ppm.  On the other hand, the reported shifts for the monomeric, three-coordinate alkoxide 
complexes are displayed in the 60-70 ppm region.  Therefore, solely on the basis of the 
stoichiometry and the expected chemical shifts, the mixed dimer is proposed as a fleeting 
intermediate.  Because the catalytic reaction and stoichiometric studies are always conducted 
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with at least 0.95 equiv of silanolate, this proposed intermediate is never present in an 
appreciable quantity. 
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Figure 21.  Structure of intermediate that forms during the displacement step 
 
4.5.3. Isolation of the Transmetalation Step for the Cross-Coupling of Arylsilanolates 
4.5.3.1. Direct, Thermal Transmetalation from a Arylpalladium(II) Silanolate Intermediate 
 The ability for complex 70 to afford biaryls directly in the absence of silanolate confirms 
the ability for silicon to palladium transmetalation to occur via an 8-Si-4 intermediate.  The 
independent isolation and X-ray crystallographic analysis of the palladium complex 70 has 
unambiguously established the generation of the Pd-OSi bond prior to transmetalation.  The 
transmetalation even must occur directly from complex 71 as no dependence on the 
concentration of free phosphine was determined.  Therefore, the three-coordinate palladium(II) 
silanolate is sufficiently poised to allow the arene to transfer onto palladium without any ligand 
dissociation.  While the specific molecularity of the thermal transmetalation cannot be 
established, the X-ray crystal structure provides some insight.  The structure of 70 suggests that 
the nucleophilic arene is proximal to the empty coordination site of the palladium center.  
Therefore, the arene likely coordinates to the palladium and subsequently suffers transfer with 
formation of a polysiloxane subunit (Scheme 30).   
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4.5.3.2. Activated Transmetalation of an Arylpalladium(II) Silanolate Intermediate 
During the preparation and identification of the three-coordinate palladium(II) silanolate 
complex 70, the formation of biaryl products at room temperature was surprising.  As the 
transmetalation of arylsilanolate was investigated further, another pathway for transmetalation 
was revealed.  Treating complex 70 with an excess of arylsilanolate results in a more rapid 
transmetalation compared to the direct thermal process.  Furthermore, the first-order dependence 
on the external arylsilanolate was suggestive that two molecules of silanolate were responsible 
for the larger rate of biaryl formation.  The second molecule of arylsilanolate is proposed to 
activate the silicon atom of the palladium complex generating a hypervalent siliconate.  This 
result is similar to the Hiyama-Hatanaka paradigm of fluoride-activated transmetalation of 
organosilicon reagents.  Presumably, the activated silicon atom redistributes the electron-density 
onto its peripheral ligands creating a greater partial negative charge on the ipso-carbon of the 
arene.  The more nucleophilic organic moiety then transfers via a lower energy pathway. 
Further evidence for the activated transmetalation pathway was established by employing 
arylsilanolates of varying nucleophilicity.  A larger rate constant was obtained employing the 
cesium salt of 39 compared to the corresponding potassium salt.  The more nucleophilic 
silanolate must form the activated siliconate at an increased rate or generates a larger quantity of 
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the activated complex.  These results are all consistent with the generation of a 10-Si-5 
palladium(II) silanolate intermediate, which subsequently undergoes transmetalation.  The 
dimethylsilanone subunit is lost as an oligomeric polysilanolate, which can release the 
arylsilanolate upon forming a stable cyclicsiloxane unit such as hexamethylcyclotrisiloxane (D3). 
 An alternative view for the transmetalation step involves arene transfer from the second 
silanolate molecule onto palladium (Scheme 31).  A bimolecular process would more similar to 
other transmetalation steps of other organonucleophiles.  For this transmetalation pathway, the 
formation of the arylpalladium(II) silanolate complex would not be necessary and would simply 
serve as the leaving group.  By employing a different silanolate as the “activator”, the resulting 
product analysis could determine which arene participates in the transfer.  If the second molecule 
of silanolate transfers the arene onto palladium solely, the product distribution should 
exclusively afford the biaryl from silanolate B.  If the biaryl product distribution showed 
exclusive transfer from the preloaded arylsilanolate, then the transmetalation occurs from the 
activated siliconate species.  However, this experiment must utilize silanolates of identical 
electronics and steric properties as to not influence the course of the transmetalation step (an in-
depth analysis of the electronics on the transmetalation step can be found in Chapter 5).   
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When 1.0 equiv of the preformed silanolate complex bearing a 4-methoxy group on the 
silanolate 70 was treated with 1.0 equiv of (4-butoxyphenyl)dimethylsilanolate K+73–, the biaryl 
product distribution was 45/55 for 41v/75v (Scheme 32).  When the quantity of external 
silanolate was increased to 3.0 equivalents per palladium complex, the product distribution 
favored 75v (79%) but still produced biaryl 41v (21%).  The product distribution obtained in 
these experiments was suggestive that the silanolate complex participated in a silanolate 
exchange prior to transmetalation.  As larger quantities of the external silanolate were added, an 
equilibrium distribution of the two complexes is generated that are equally activated towards 
transmetalation.  These results confirm that the arylpalladium(II) silanolate complex can undergo 
a rapid exchange with exogenous silanolate in solution.  However, under catalytic or 
stoichiometric conditions, the exchange is degenerate and should not impact the analysis of the 
transmetalation step.  
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Additionally, these results confirm the inability to establish if transmetalation of an 
arylsilanolate onto palladium is exclusively an intermolecular process.  Since silanolate exchange 
has been established for these pretransmetalation intermediates, any attempt at a bimolecular 
crossover would be not interpretable.    
 
4.5.4. Mechanistic Picture of the Cross-Coupling of Arylsilanolates 
 By combining the results from the kinetic studies and the stoichiometric experiments, a 
detailed mechanism for the cross coupling of arylsilanolates can be formulated that illustrates 
how both thermal and anionic pathways can operate simultaneously (Figure 22). To initiate the 
cycle (green), oxidative addition occurs directly from (t-Bu3P)2Pd to generate the monomeric T-
shaped complex, xix.42b  Rapid displacement of the halide occurs in which the key Pd-O-Si 
moiety is forged with loss of the MBr salt.  Now poised for transmetalation, xx can proceed 
down two independent pathways that involve either (1) a thermal intramolecular transmetalation 
(8-Si-4, depicted in blue) or (2) an anionically activated pathway involving the formation of a 
hypervalent siliconate (xxii, 10-Si-5, depicted in red).  Because under catalytic conditions, an 
excess of silanolate is employed, the cross coupling of arylsilanolates employing t-Bu3P likely 
proceeds via the activation pathway.  
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Figure 22.  Dual mechanism for the cross-coupling of arylsilanolates 
 
4.6. Conclusions 
 In conclusion, the mechanistic landscape of the cross coupling of arylsilanolates with aryl 
halides has been refined.  The isolation and characterization of a palladium silanolate complex 
allowed for the discovery of both thermal and anionic mechanistic pathways for transmetalation 
from silicon to palladium.  Furthermore, the proposed Pd-O-Si bond was confirmed by x-ray 
crystallographic analysis and provides the first unambiguous evidence for an intramolecular 
transmetalation of an organonucleophile onto palladium.  
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Chapter 5. Hammett Analysis of the Transmetalation Step in Palladium-Catalyzed Cross-
Coupling Reaction of Arylsilanolates  
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
 
5.1. Introduction 
 Throughout the history of the cross-coupling reaction, a number of different 
organonucleophiles have been developed to improve the overall bond forming process.  As these 
methods blossomed, the unique features that each nucleophile possessed also began to take 
shape.  Although the same types of products are generated, the optimal conditions for each 
system are different.  Even greater curiosity began to develop when subtle changes in the 
reaction conditions altered the reactivity of the same organometallic species. 
 Therefore, much effort has been expended to establish how each organometallic reagent 
produces identical bonds.  Initially, kinetic analysis provided the necessary insight into the 
relative role of each component of the coupling reaction.  A variety of hypotheses could be 
formulated and the order dependence on each reagent helped to exclude certain mechanistic 
pathways.  However, this type of analysis does not unveil any molecular detail.  As these studies 
progressed, the ability to isolate putative intermediates along the catalytic cycle provided 
important insights.  The structural identification and reactivity of these species provided a more 
refined picture of these processes.  A different insight can be obtained through linear-free energy 
relationships (Hammett analysis).  By establishing the influence of electronic perturbation in a 
catalytic reaction, the transition states structures can be further refined. 
 Hammett analysis76 has been used extensively to understand the transmetalation step for 
various organonucleophiles.  Because the isolation of the pretransmetalation precursors has not 
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been possible until the introduction of arylsilanolates,104 the use of Hammett analyses was the 
only means of understanding the electronic details of the steps in a catalytic reaction. 
 
5.2. Background 
5.2.1. Hammett Analysis of the Stille Cross-Coupling Reaction 
As early as 1983, kinetic studies on the palladium-catalyzed coupling of benzoyl chloride 
and tri-butylphenylstannane suggested that the transmetalation step was rate determining in the 
catalytic cycle.44 As the reaction was monitored, the starting palladium(II) precatalyst 
disappeared with formation of the oxidative addition intermediate, the acylpalladium chloride 
xxv.  In the presence of the organostannane, this species afforded the ketone product over time.  
On the basis of this observation, in combination with known reactivity of organostannanes with 
electrophiles, the transmetalation is proposed to proceed via an electrophilic substitution by the 
palladium onto the benzylic carbon (Figure 23). 
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Figure 23.  Proposed catalytic cycle for arylation of acid chlorides 
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 To gain additional insight into the molecular detail of the transmetalation, Stille and 
coworkers performed competition experiments using two different organostannanes.  Because 
the catalytic reaction was identified to proceed in a rate-limiting, irreversible transmetalation 
step, the product ratios were plotted against the standard σ values.44  The Hammett plot shows 
that the rate of transmetalation was accelerated by electron-withdrawing groups located on the 
benyzlicstannane and produced a  value of 1.2.  The positive ρ obtained from the Hammett 
analysis is consistent with the build-up of negative charge on the benzylic carbon at the transition 
state.  The electron-withdrawing groups on the arene not only create a more electrophilic 
benzylic center, but also help stabilize the ensuing charge that forms.  Furthermore, this data is 
suggestive of carbon-tin bond cleavage occurring prior to the palladium-carbon bond formation 
at the transition state (Figure 23, xxvxxvi).  As the tin-carbon bond is cleaved, the benzylic 
carbon develops a partial negative charge which can be stabilized by electron-withdrawing 
substituents.   
Subsequently, Farina and coworkers performed a detailed mechanistic analysis on the 
cross-coupling reaction of aryltin nucleophiles with vinyl triflates.122  These findings 
contradicted the Hammett analysis described above.  Competition experiments involving 
cyclohexenyl triflate 66 and substituted phenylstannanes 68 yielded a linear free-energy 
relationship with a negative ρ value (ρ = −0.89) for the aryltin reagents in the absence of LiCl 
(Figure 24).  The negative sign for ρ suggests that the arene ring accumulates a significant 
positive charge at the transition state and electron-donating groups accelerate the reaction.  
Under these conditions, the palladium-carbon bond forms prior to release of the tin-carbon bond. 
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Figure 24. Hammett plots for the cross-coupling of arylstannanes with vinyl triflates: (1) 
absence of LiCl, (2) addition of LiCl 
 
The addition of LiCl to the reaction mixture results in non-linear behavior for the 
Hammett analysis.  Moreover, the substitution effects for the arylstannane under these conditions 
are negligible as both electron-donating and –withdrawing groups yield similar rates.  These 
results compelled the authors to suggest a dual mechanistic pathway for the transmetalation of 
phenyl-derived stannanes (Figure 25).  The proposal asserts that in the presence of LiCl, the free 
chloride anion attacks the cationic palladium generating a palladium(II) chloride intermediate 
(path B).  The chloride ligand can preferentially bind to the tin resulting in tin-carbon bond 
cleavage occurring prior to palladium-carbon bond formation (TS 71).  Therefore, the presence 
of the electron-withdrawing substituents can stabilize the developing negative charge on the 
arene ring and improve the rate.  In the absence of the chloride anions, the transmetalation 
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proceeds directly with the cationic palladium (path A).  To date, a universal picture for the 
transmetalation of organostannanes has not been formulated as a number of factors contribute to 
the overall pathway of this process. 
Pd(AsPh3)2(Aryl) + PPh3 Pd
Aryl
Ph3As ArylSnBu3
ClSnBu3
Pd
Cl
Ph3P
- PPh3 Pd(AsPh3)2(Cl)
+ LiCl
Pd(AsPh3)3
Pd(AsPh3)2
ArylSnBu3
+ AsPh3
PdLn
OTf
OTf
OTf
Cl
Pd
SnBu3
Ph3As
X
t-Bu
!+
!"
path A path B
71  
Figure 25. Mechanistic hypothesis for the cross coupling of arylstannanes with vinyl bromides 
 
 5.2.2. Hammett Analysis of the Suzuki Cross-Coupling Reaction 
  The cross-coupling reaction of organoboranes has become one of the premier methods for 
the coupling of various organonucleophiles.  Because of its importance in preparative organic 
chemistry, this process has been investigated in detail.30  Among these, a number have focused 
on understanding the transmetalation step.  Although significant efforts have been aimed at both 
kinetic and stoichiometric experiments, the Hammett analysis of the Suzuki cross-coupling 
reaction has provided some insight.123 
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 As seen for the Stille cross-coupling reactions, both positive and negative ρ values have 
been obtained from the Hammett analysis of the cross-coupling of aryl-derived organoboranes 
bearing substitution about the arene ring.  A report on the coupling of phenylboronic acids with 
aryl halides employing a sulfur-substituted palladacycle catalyst produced a negative Hammett 
constant (ρ = -0.65 to -0.68) for the organoborane with varying para-substituents (Figure 26).123f 
Thus, the electron-rich, para-substituents of the boronic acid accelerate the coupling process, 
which implies that electron-donating substituents on the nucleophile accelerate the coupling 
reaction. 
Br
+ R
B(OH)2
SH
Pd
H3C t-Bu
X
2
K3PO4, DMF
NBu4Br
25 °C
R
  
Figure 26.  Linear-free energy relationship for aryl boronic acids123f 
 
A similar trend was observed for the cross-coupling of arylboronic acids with 1-
bromostilbenes where a ρ value of  −0.71 was obtained employing various substituents around 
the arene ring.123e  The Hammett analysis was consistent with transmetalation proceeding via a 
trihydroxyboronate which is formed by activation of the boronic acid with an equivalent of 
hydroxide.  Following formation of the boronate nucleophile, a bimolecular, electrophilic 
aromatic substitution occurs with concomitant loss of boric acid (Scheme 33).  Although this 
data proved consistent with the mechanism proposed by Miyaura involving an activated boronate 
species, it cannot distinguish between activation of the boronic acid by free hydroxide or a 
palladium hydroxide intermediate.  
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Scheme 33 
ArylB(OH)2
KOH
ArylB(OH)3
Aryl'-Pd(II)-X
B(OH)3X
Aryl'-Pd(II)-Aryl
 
 
 On the other hand, the cross-coupling of arylboronic acids with aryl tosylates to generate 
biaryls produced positive Hammett constants for both the nucleophile and electrophile (Figure 
27).123a  This interesting dichotomy was recorded for the cross-coupling reaction employing a 
nickel catalyst. Although no conclusive hypotheses were presented in this study, it appears that a 
different rate determining step is intervening or the specific order of bond cleavage and 
formation is different.  
OTs
R +
B(OH)2
R'
cat. NiCl2(PCy3)2, PCy3
K3PO4, dioxane, 130 °C R
R'
aryl tosylate arylboronic acid  
   
Figure 27.  Hammett analysis for both the aryl tosylate and aryl bromide for the Ni-catalyzed 
cross-coupling reaction123a   
 
 In the end, the inability to isolate the transmetalation step has prevented an unambiguous 
determination of the specific electronic demands of the transmetalation step.  Although the 
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results from the Hammett analysis of the cross-coupling of arylboronic acids has indicated that 
more electron-rich nucleophiles accelerate the coupling process, the specific contributions by the 
substituents on the arene are still unsolved.    
 
5.2.3. Hammett Analysis of the Negishi Cross-Coupling Reaction 
 A recent mechanistic study on the cross-coupling of arylzinc iodides with aryl bromides 
was conducted to gain additional insight into the mechanism of the Negishi coupling reaction.124  
A number of competition experiments were performed for the palladium-catalyzed cross-
coupling reaction of arylzincates.124  Whereas previous studies have focused exclusively on 
investigating a single component in the catalytic reaction, these studies aimed to address how 
both the electrophilic and nucleophilic partner affected the transmetalation step.  The electronic 
effect of substituents on the aryl bromide under catalytic conditions affords a ρ value of +2.5.  A 
Hammett constant of this magnitude is in excellent agreement with other values obtained for 
electronic effects for the oxidative addition step.125  To establish the electronic influence for the 
electrophilic partner at the transmetalation step, the oxidative addition step was bypassed.  The 
reaction of three separate trans-Ph3P arylpalladium bromides with two arylzinc iodides in 
competition experiments resulted in different  (Scheme 34).  Unfortunately, no Hammett 
constant was obtained for the electrophile and only three electron-deficient substituents were 
investigated.  Therefore, electronic influence on the substituents for the aryl electrophile are still 
unknown.  
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Scheme 34  
FG
Br Pd(PPh3)4 Pd
Ph3P Br
PPh3
FG
R
ZnI.LiCl
where R = Me or CO2Et
FG
R
 
FG p-Cl m-CN p-CN 
kMe/kCO2Et 2.3 3.5 4.1 
 
 On the other hand, the Hammett plot for the effect of substituents on the arylzinc 
nucleophile showed a negative ρ value (-0.98) thus establishing that the more electron-rich 
nucleophiles transfer more rapidly (Figure 28).  Although the value is significantly smaller 
compared to the electronic influence on the oxidative addition step, greater electron-density on 
the ipso-carbon of the zinc reagent is important.  These results are in agreement with values 
obtained for the Stille and Suzuki coupling reactions. 
 
Figure 28.  Linear free-energy relationship for arylzinc iodides in the Negishi coupling reaction. 
 
5.3. Objectives 
 The various Hammett analyses performed on the palladium-catalyzed cross-coupling of 
organonucleophiles produce similar trends.  These studies suggest that the transmetalation step is 
accelerated by more electron-rich nucleophiles (organodonors) and by electron-poor 
electrophiles (palladium intermediates).  However, these trends have not been unambiguously 
established owing to the inability to isolate the transmetalation step aside from the recent report 
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on the Negishi coupling.  Therefore, the following study was initiated to determine whether the 
electronic requirements for the transmetalation of organosilanolates followed similar trends: 
(1) The rate constants for the transmetalation of a number of electronically-differentiable 
electrophilic partners should be determined to understand the electronic requirements on 
palladium (Table 12).  A spectrum of substituents that covers a range of σ values should be used 
to provide a complete picture of the transmetalation step. 
Table 12. Hammett constants for various substituents to be studied on aryl electrophile 
Pd
Br
t-Bu3P
R
+
MeO
Si
Me Me
O-Cs+
toluene, rt
Pd
O
t-Bu3P
R
Si
Me
Me
OMe
R
OMe
MeO
Si
Me Me
O-Cs+
Cs+39–
Cs+39-
 
R
 
4-CF3 4-F 4-H 4-OMe 
σp 0.54 0.06 0.00 -0.27 
σm 0.43 0.34 0.00 0.12 
σp
+ 0.61 -0.07 0.00 -.078 
σp
– 0.65 -0.03 0.00 -0.26 
 
(2)  The rate constants for the transmetalation of various arylsilanolate should be determined to 
establish the electronic requirements for the organonucleophile.  A representative electron-rich,   
-neutral, and –deficient arylsilanolate will be employed to establish the mechanistic details of the 
transmetalation of this organonucleophile.   
 
(3)  For each electrophilic partner that is studied, multiple nucleophiles should be inspected  in 
parallel to determine if matching electronic perturbations has any synergistic effects.  Likewise, 
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the same strategy should be employed for the Hammett analysis of the arylsilanolate as well 
where the Hammett constant r should be determined using various electrophiles.  
 
Having confirmed that the three-coordinate arylpalladium silanolate is the pre-
transmetalation intermediate, a systematic change in both the substitution on the electrophilic 
component and arylsilanolate can be achieved to establish the electronic requirements for the 
transmetalation step independently.        
 
5.4. Results 
5.4.1. Preparation of Oxidative Addition Intermediates 
 Because these studies were aimed at determining the electronic influences of substituents 
on both components in the transmetalation step, a number of T-shaped arylpalladium(II) bromide 
complexes were prepared.  Fortunately, a number of methods allow access to a variety of 
electronically-differentiated complexes.  Oxidative addition to electron-rich aryl bromides has 
been achieved by treating Pd(dba)2 with an excess of aryl halide in the presence of t-Bu3P at 
room temperature (Scheme 35).126  The subligated Pd(0) complex allows the oxidative addition 
to proceed at room temperature followed by subsequent ligation by the bulky phosphine ligand.  
The three-coordinate complex (t-Bu3P)Pd(C6H4-4-OMe)Br 82 was obtained from 4-
bromoanisole in 22% yield of isolated material.  The low yields are attributed to the competitive 
formation of (t-Bu3P)2Pd 58 which is not as effective at promoting the oxidative addition at low 
temperatures.   
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Scheme 35  
Pd(dba)2   +   t
-Bu3P   +
1.1 equiv
H3CO
Br
60 equiv
rt Pd
Br
t-Bu3P
OCH3
22 %
82
 
However, 58 can undergo oxidative addition with electron-deficient bromoarenes, albeit 
at slightly elevated temperatures.  Heating 58 in neat bromobenzene  (45.0 equiv) at 70 °C results 
in the formation of  (t-Bu3P)Pd(Ph)Br 83 in moderate yields (30-40%).113  This complex is stable 
enough to be isolated using standard Schlenk techniques without any observable decomposition 
of the solid.  Although this method is highly reproducible in forming 83, the amount of isolated 
product can fluctuate owing to the decomposition of the palladium complex in solution over 
time. 
Even though a number of these three-coordinate complexes have previously been 
described, the isolation and characterization of a highly electron-deficient complex is still absent.  
In initial attempts to prepare a 4-trifluormethyl-substituted arylpalladium bromide, rapid 
decomposition was observed after > 1 h of heating at 70 °C.  To avoid potential decomposition 
of the arylpalladium(II) bromide, a lower temperature (23 °C) was employed,   but < 20 % of (t-
Bu3P)Pd(C6H4-p-CF3)Br 84 was obtained.  Ultimately, the preparation of 84 was successful 
employing t-Bu3P•HBr 69 as a catalyst.42a Simply heating a solution of 58 and 4-
bromobenzotrifluoride (45.0 equiv) in 2-butanone in the presence of 3 mol % 69 improves the 
yield of 84 to 40-50 % (Scheme 36). 
Scheme 36  
(t-Bu3P)2Pd   +
F3C
Br
45 equiv
t-Bu3P
.HBr 69 (3 %)
2-butanone, 70 °C
Pd
Br
t-Bu3P
CF3
40 - 50 %
58 84  
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5.4.2. Electronic Requirements for the Activated Transmetalation of Arylsilanolates 
 With a number of electronically distinct three-coordinate arylpalladium(II) bromide 
complexes in hand, the rate constants for the transmetalation were obtained.  However, unlike 
the previous mechanistic study (Chapter 4) that used 19F NMR as a means of monitoring the 
reaction progress, the complexes required for this study did not all contain a fluorine atom.  
Therefore, another method for following the reaction progression was required.  The only feature 
that was common among all of the complexes was either Pd or t-Bu3P.  Phosphorus NMR (31P) 
proved to be a useful means of monitoring these reactions.  At the outset, this idea seemed 
fruitful as only a single NMR peak would be present for the various complexes.   
Initially, the substituent effects for the arylsilanolate were determined by investigation of 
the direct, thermal transmetalation process.  To ensure that using 31P NMR was an appropriate 
analytic method, the thermal transmetalation of 70 was monitored at 50 °C.  Although the signal 
for 70 was clearly visible, the maximal S/N that could be obtained using this NMR nucleus was 
< 50/1.  Nonetheless, the thermal transmetalation was monitored and the corresponding reaction 
time for the decay of 70 was similar to previous runs.  However, the data points from this 
reaction were inconsistent and the error in determining a rate constant was too large.  Because 
the signal for desired arylpalladium silanolate complexes broaden at elevated temperatures, the 
Hammett analysis for the thermal process was not pursued further. 
To vouchsafe that this approach would still be applicable at lower temperatures, the rate 
constant for the activated transmetalation (which proceeds at room temperature (23 °C)) of (t-
Bu3P)Pd(C6H4-4-F)(OSiMe2C6H4-4-OMe) 70 employing Cs+39– (1.0 equiv) was determined 
(Scheme 37).  A smooth first-order decay was obtained and the rate constant was determined to 
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be 1.95 x 10-3 s-1 which was in good accordance with the value obtained from the 19F 
experiments.104  
Scheme 37 
Pd
Br
t-Bu3P
F
+
MeO
Si
Me Me
O-Cs+
toluene, rt
Pd
O
t-Bu3P
F
Si
Me
Me
OMe
F
OMe
MeO
Si
Me Me
O-Cs+
Cs+39–
Cs+39–
70
kobs = 1.95 x 10
-3 s-1
 
 
 Next, the electronic effects of substituents on the electrophilic partner was investigated 
for the activated transmetalation for Cs+39–.  Formation of the arylpalladium(II) silanolate 
complexes was performed in situ as described in Chapter 4.  Treatment of the 
phenylpalladium(II) bromide 83 with 0.95 equiv of cesium(4-methoxyphenyl)dimethylsilanolate 
Cs+39– in toluene resulted in the rapid formation of the desired complex.  Addition of a second 
quantity of Cs+39– (25 mm) initiated the transmetalation step and the rate constant (kobs = 1.2 x 
10-3 s-1) was determined from the graph of the first order decay of 83 (Table 13, entry 2).  Each 
reaction was repeated in duplicate to ensure the accuracy of the rate constant.  Similarly, (t-
Bu3P)Pd(C6H4-4-OMe)Br 82 was subjected to the activation by Cs+39– (25 mm) and a rate 
constant (kobs) of 8.6 x 10-4 s-1 was obtained.  The more electron-rich substituents of the 
electrophilic partner seemed to have an unfavorable effect on the rate of transmetalation.  
However, when the 4-CF3 substituted arylpalladium bromide 84 was treated with an excess of 
Cs+39–, the consumption of the starting silanolate complex was so rapid that no useable data 
could be obtained. 
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Table 13. Activated Transmetalation for Cs+39– as a Function of the Substitution on the 
Electrophilic Partnera 
Pd
Br
t-Bu3P
R
+
MeO
Si
Me Me
O-Cs+
toluene, rt
Pd
O
t-Bu3P
R
Si
Me
Me
OMe
R
OMe
MeO
Si
Me Me
O-Cs+
Cs+39–
Cs+39–
R = p-OMe (82) H (83),   
      p-F (68), p-CF3 (84)  
entry R kobsb, s-1 rel. rate cons.c 
1 4-OMe 8.60 x 10-3 1.0 
2 H 1.20 x 10-3 1.4 
3 4-F 1.95 x 10-3 2.3 
4 4-CF3 ND ND 
a Reaction were performed at room temperature (22 °C) b 
Rate constants were determined by the first-order decay 
of the arylpalladium silanolate complex using Ph3P(O) as 
an internal standard  c The relative rate constants were 
calculated for the smallest kobs in this series 
 
 Because the potassium silanolate-promoted transmetalation proceeds at a slower rate 
compared to the corresponding cesium salt, the use of this nucleophile may help slow the 
transmetalation of the electron-deficient electrophilic partner sufficiently to obtain valuable 
information.  When K+39– was employed as the activating agent for the transmetalation step, rate 
constants for the transmetalation of complexes 70 and 82-84 could be determined (Table 14). 
Comparing the relative rate constants determined with K+39–, a similar trend for the effect of the 
substituent on the electrophilic partner was obtained.  These data confirm the notion that the 
transmetalation step is accelerated by a more electrophilic palladium center. 
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Table 14. Activated Transmetalation for K+39– as a Function of the Substitution on the 
Electrophilic Partnera 
Pd
Br
t-Bu3P
R
+
MeO
Si
Me Me
O-K+
toluene, rt
Pd
O
t-Bu3P
R
Si
Me
Me
OMe
R
OMe
MeO
Si
Me Me
O-K+
K+39–
K+39–
R = p-OMe (82) H (83),   
      p-F (68), p-CF3 (84)  
entry R kobsb, s-1 rel. rate cons.c 
1 4-OMe 1.92 x 10-4 1.0 
2 H 2.24 x 10-4 1.2 
3 4-F 3.18 x 10-4 1.7 
4 4-CF3 4.93 x 10-4 2.6 
a Reaction were performed at room temperature (22 °C) b 
Rate constants were determined by the first-order decay 
of the arylpalladium silanolate complex using Ph3P(O) as 
an internal standard  c The relative rate constants were 
calculated for the smallest kobs in this series 
 
 To ensure that the electronic effect of substituents on the electrophilic partner were 
general to the cross-coupling of arylsilanolates, the relative rate constants for the transmetalation 
of both potassium (phenyl)dimethylsilanolate K+85- and potassium (4-
trifluoromethylphenyl)dimethylsilanolate K+51– were investigated with each electrophilic partner 
(Table 15).  Intriguingly, both of these nucleophiles afforded similar trends in the rate constants 
with the various T-shaped complexes.  Independent of the arylsilanolate employed, the more 
electron-rich electrophile (MeO-4-C6H4) led to the smaller rate constant while the 4-CF3 
substituted palladium arene gave the largest rate constant. 
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Table 15. Compiled Relative Rate Constants for the Activated Transmetalation of Various 
Palladium(II) Arenes with Arylsilanolatesa,b 
 Arylsilanolates 
 
Arylpalladium 
bromides H3CO
Si
H3C CH3
O-K+
K+39– H
Si
H3C CH3
O-K+
K+85– F3C
Si
H3C CH3
O-K+
K+51– 
Pd
Br
t-Bu3P
CF3     84 
 
7.20 
(87) 
 
3.18 
(88) 
 
2.40 
(89) 
Pd
Br
t-Bu3P
F         68 
 
4.64 
(70) 
 
2.39 
(90) 
 
1.34 
(91) 
Pd
Br
t-Bu3P
H         83 
 
3.27 
(92) 
 
1.82 
(93) 
 
1.28 
(94) 
Pd
Br
t-Bu3P
OCH3   82 
 
2.80 
(95) 
 
1.53 
(96) 
 
1.00 
(97) 
a The relative rate constants were calculated from the smallest rate constant which was for the 
transmetalation of 82 with K+51-  b Numbers in parentheses refer to compound number for 
arylpalladium(II) arylsilanolate complex for respective entries 
 
 
 Having established the electronic influence for the electrophilic partner on the 
transmetalation step, focus shifted to determining the electronic influence on the substitution of 
the arylsilanolate.  Inspection of the rate constants in a slightly different manner reveals how the 
electronic properties of substituents on the nucleophile influence the transmetalation step (Table 
15).  Comparing the relative rate constant for each arylpalladium electrophile clearly shows that 
the more electron-rich nucleophile (K+39–) reacts at a faster rate compared to the other 
transferable groups (K+85– (H) or K+51– (4-CF3)).  For example, the transmetalation of the 
electron-rich (4-OMe) arylsilanolate K+39– is roughly 2.5-3 times faster compared to the 4-CF3-
substituted arylsilanolate K+51– independent of the substitution of the electrophilic partner.   
However, the electronic properties of the arylsilanolate nucleophile are manifested in 
three separate phases of the activated transmetalation step: (xxix) the formation of the carbon-
palladium bond and the breaking of the carbon-silicon bond (xxviii) the nucleophilicity of the 
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silanolate which influences the activation of the silicon atom to a hypervalent siliconate and 
(xxvii) the electrophilicity at the silicon atom (Figure 29).  In addition, previous kinetic studies 
on the transmetalation step for the cross-coupling of arylsilanolates demonstrated a first-order 
dependence for the activator silanolate and saturation kinetics were not achieved.  Therefore, any 
conclusion on the effect of the substituents of the arylsilanolate could not be immediately 
established.  To rectify these concerns, the rate constant for the transmetalation must reach a 
saturation point to eliminate any contribution by the exogenous arylsilanolate (points 2 and 3).  If 
this kinetic regime could be attained, then the relative rate constants obtained from the 
transmetalation studies should reflect solely the formation of the palladium-carbon bond.  
Unfortunately, the solubility of K+39– in toluene precluded the saturation point from being 
determined.  Thus, a more soluble, electron-rich silanolate needed to be investigated.   
R
Pd
O
t-Bu3P
Si
Me
Me
R
Si
O-M+
Me Me
Pd
O
t-Bu3P
Si
Me
Me
R
O
SiMe
Me R
K
R
Si
OSiMe2O
-M+
Me Me
Pd
t-Bu3P
R
!+
xxvii
electrophilicty at Si
xxviii
nucleophilicty of silanolate
!"
substitution to form
palladium-carbon bond
xxviii
xxix
 
Figure 29.  Effects of activated transmetalation by substitution of the arylsilanolate. 
 
 Lengthening the aliphatic chain of the alkoxy arene should improve organic solubility, 
but should not impact the sigma value for the Hammett analysis, thus potassium (4-
butoxyphenyl)dimethyl silanolate K+98– was prepared.  This reagent proved to be significantly 
more soluble and allowed the saturation point to be attained.  When 2.0 equiv of K+98– was 
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added to the three-coordinate palladium silanolate complex 99 to promote the transmetalation 
event, an increase in the rate constant was obtained (kobs = 3.88 x 10-4 s-1 versus kobs = 2.25 x 10-4 
s-1 for 1.0 equiv).  At this stage, additional quantities of silanolate were added until either a 
solubility threshold was reached or the leveling off of the rate constant was obtained.  
Gratifyingly, as the number of equivalents of K+98– was increased, the rate constant began to 
level-off (Table 16).  Finally, a ratio of 8:1 for K+98–:Pd produced a maximum rate constant of 
5.15 x 10-4 s-1. 
Table 16. Activated Transmetalation of 99 Employing Varying Quantities of K+98- 
Pd
Br
t-Bu3P
H
n-BuO
Si
H3C CH3
O-K+
toluene, rt
Pd
O
t-Bu3P
H
Si
H3C
H3C
On-Bu
H
On-Bu
+ n-BuO
Si
H3C CH3
O-K+
x equiv
83 K+98–
K+98–
99  
entry equiv of K+98– kobs (s-1) 
1 1.0a 2.25 x 10-4 
2 2.0 3.88 x 10-4 
3 4.0 5.00 x 10-4 
4 8.0 5.15 x 10-4 
a Employed K+39– as the arylsilanolate  b Rate constants 
were determined by the first-order decay of the 
arylpalladium silanolate complex using Ph3P(O) as an 
internal standard 
 
  
 
 
 
 This same procedure was performed for both K+85– and K+51– and an interesting effect 
on the increasing silanolate concentration was observed for each nucleophile (Table 17).  
Treating (t-Bu3P)Pd(Ph)(OSiMe2C6H4-p-CF3) 94 with 2.0 and 4.0 equiv of K+51– did not result 
in any observable change in the rate constant.  Therefore, even at a 1:1 ratio of complex  to 
K+51– the concentration dependence on the rate constant was negligible.  The number of 
equivalents of K+85–  required to reach saturation ranged between the saturation point of K+39–  
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and K+51–, as only a minor fluctuation in the rate constant was obtained up to a 4:1 ratio of 
K+85– to Pd. 
Table 17. Activated Transmetalation Starting from 83 Employing Varying Quantities of K+51- 
and K+85– 
Pd
Br
t-Bu3P
H
R
Si
H3C CH3
O-K+
toluene, rt
Pd
O
t-Bu3P
H
Si
H3C
H3C
R
H
R
+ R
Si
H3C CH3
O-K+
x equiv
83 R = p-CF3, H  
entry R  equiv of 
arylsilanolate 
kobs (s-1) 
1 H K+85- 1.0 1.25 x 10-4 
2 H K+85- 2.0 1.67 x 10-4 
3 H K+85- 4.0 1.98 x 10-4 
4 CF3 K+51- 1.0 9.20 x 10-5 
5 CF3 K+51- 2.0 9.00 x 10-5 
6 CF3 K+51- 4.0 9.92 x 10-5 
a Rate constants were determined by the first-order decay of the 
arylpalladium silanolate complex using Ph3P(O) as an internal standard 
 
 Now having established a qualitative assessment of the electronic requirements for the 
transmetalation step, the rate constants can be used to determine the Hammett parameters.  
Plotting the ratio of the relative kobs (kx/kH) versus the sigma value for the different substituents 
provides a quantitative measurement of the substitution effects on both the electrophilic and 
nucleophilic partners.  The linear plot of the relative rate constants for K+39–  vs. the sigma 
values for the substituent on the arylpalladium electrophile affords a ρ value of 0.500 (Figure 
30).  The positive value for ρ indicates an increased rate of transmetalation for more electron-
deficient arene electrophiles.  Nonetheless, the Hammett plots for influence of the electrophilic 
partner for both K+85– and K+51– also produced similar positive values (ρ = 0.48 and ρ = 0.39 
respectively).   
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a)  
b)  
c)  
Figure 30.  Hammett Plots for the Electronic Effects on the Arylpalladium Electrophile Using a. 
K+39–  b. K+85–  c. K+51– 
 
In contrast, the Hammett correlation for the electronic properties associated with the 
organosilanolate yielded negative ρ values thereby indicating the more electron-rich substituents 
improve the reactivity.  Using the saturated rate constants for each nucleophile, the Hammett 
correlation provides a value for only the palladium-carbon bond forming event.  While a 
significant change was not observed (ρ = 0.84) compared to the values obtained employing only 
1.0 equiv of arylsilanolate (ρ = 0.70), the slope remained negative, confirming that the 
transmetalation step is accelerated by electron-rich arylsilanolates (Figure 31).   
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Figure 31.  Hammett plot for the silicon to palladium transmetalation step employing saturated 
rate constants 
 
5.5. Discussion 
 The results described above provide the first opportunity to individually determine the 
electronic requirements for the transmetalation step for the cross-coupling of an 
organonucleophile by isolation of a pretransmetalation precursor.  Although a number of reports 
have provided data that is consistent with a rate-limiting transmetalation step and the subsequent 
Hammett constants, the ability to isolate the pretransmetalation precursor places this study first 
in its class.  These studies have provided data toward the formulation of the molecular detail in 
the actual transfer process.  Overall, the transmetalation appears to proceed via an electrophilic 
aromatic substitution of the activated siliconate onto the palladium center with concomitant loss 
of a polysiloxane (Figure 32). 
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Figure 32. Mechanism of the nucleophilic transmetalation of an arylsilanolate onto palladium 
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5.5.1. Preparation of a Number of Arylpalladium(II) Silanolate Complexes 
 While the inability to isolate the reactive arylpalladium arylsilanolate intermediates 
provides some challenges, these species remain stable enough for characterization and 
manipulation.  Each complex was prepared in situ using a sub-stoichiometric amount of 
silanolate to prevent the triggering of the transmetalation step.  Addition of the silanolate salts 
into a solution of the arylpalladium bromide complex in toluene results in the rapid displacement 
of the bromide anion by the silanolate unit with formation of the inorganic salt (precipitation 
observed on the sides of the NMR tube).  Regardless of the substitution of the arylsilanolate or 
arylpalladium electrophile, the displacement step is extremely fast.  That is to say, no starting 
arylpalladium(II) bromide species is detectable by NMR spectroscopy.  As previously discussed 
in Chapter 4, a proposed mixed dimer does form as judged by the chemical shift in the 31P NMR 
spectrum. 
 Each complex was individually characterized by spectroscopic methods.  However, the 
1H NMR spectrum of each complex was difficult to interpret as the signals for these complexes 
were extremely broadened.  This type of behavior was surprising as the spectra of the 
corresponding arylpalladium(II) bromide complexes do not suffer from this feature.  Therefore, 
the silanolate complexes must be undergoing some type of dynamic process that is comparable 
on the NMR time scale.  The arylpalladium silanolate complex may exist in an equilibrium with 
the dimeric form, despite the isolated monomeric form found in the solid state (Scheme 38).  
Nonetheless, the spectroscopic evidence was consistent with each individual complex and 
confirms the formation of these pre-transmetalation precursors. 
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5.5.2. Electronic Effects on the Activated Transmetalation of Arylsilanolates: The Arylpalladium 
Electrophile 
 The ability to systematically alter the electronic properties of each complex has allowed a 
complete picture of the transmetalation to be unveiled.  Initial studies with Cs+39– immediately 
revealed that the substituents on the palladium arene were influencing the transmetalation step.  
Comparing the graphs for the first-order decay for each arylpalladium electrophile clearly shows 
that the more electron-deficient substituent (4-F) accelerates the transmetalation step when 
compared to the phenylpalladium electrophile (Figure 33).  This trend continues where the 
electron-rich 4-methoxyphenylpalladium complex 95 proceeds the slowest in this series.  
Unfortunately, the trifluoromethylphenylpalladium complex 87 proved hyper reactive employing 
Cs+39– and did not provide any useable data.   
Pd
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Figure 33. Comparison of the First Order Decays for the Transmetalation Employing Cs+39– 
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 To include a broad spectrum of substituents on the arylpalladium electrophile, the less 
nucleophilic potassium salt of 39 was used.  The slower rate of reaction decreased the initial loss 
of the starting complex and allowed a useable set of data to be acquired.  The Hammett analysis 
for the substitution of the electrophilic partner employing K+39– resulted in a linear relationship 
with a small ρ value (ρ = 0.50).  When the effects of the substituents on the arylpalladium 
electrophile were explored with other arylsilanolate nucleophiles (K+85– and K+51–), linear free-
energy relationship were also obtained.  The similar ρ values with different arylsilanolates 
suggest that the influence the substitution of the arylpalladium electrophile manifests in the 
transmetalation step is independent of the arylsilanolate nucleophile used.  The small magnitude 
of the Hammett constants implies that the rate of cross-coupling of different bromoarenes should 
not vary widely.  In fact, this trend was observed in the cross-coupling of arylsilanolates 
employing 58 where the reaction times (3-4 h) for both electron-rich and electron-deficient 
bromoarenes were comparable within a given arylsilanolate set (Chapter 3). 
 
5.5.3. Electronic Effects on the Activated Transmetalation of Arylsilanolates: Arylsilanolate 
Nucleophile 
 Because studies on the preparative cross-coupling demonstrated that a number of 
nucleophiles were competent employing 58 as the catalyst, the electronic influence of the 
arylsilanolate moiety was also explored.  A representative electron-rich, -neutral, and –deficient 
silanolate was chosen and the rate constant for the transmetalation were determined with a 
variety of electrophilic partners.  As expected, the most electron-rich silanolate Cs+39– afforded 
the largest value for kobs.  Here as well, similar Hammett constants were obtained independent of 
the arylpalladium electrophile investigated.  Therefore, the electronic influence by the 
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arylsilanolate nucleophile seems to be independent of the electronic properties of the palladium 
center.   
 Yet when the Hammett constant was initially determined, it was not immediately obvious 
what feature of the activated transmetalation step was being influenced. These studies were 
specifically aimed at determining the electronic influence on the transmetalation (transfer) step 
alone.  Unfortunately, three separate facets of the activated transmetalation could be affected.  
Each step will be individually addressed along with the hypothetical outcome of the Hammett 
analysis that should be expected. 
 First, if the transmetalation were proceeding solely via a direct transmetalation from an 8-
Si-4 intermediate, one should expect that a more electron-rich nucleophile should react more 
quickly (Figure 34). This analysis is predicted on the observation that the more electrophilic 
arylpalladium center undergoes transmetalation at a faster rate.  Presumably the arene of the 
arylsilanolate attacks the electrophilic palladium center with concomitant release of a 
dimethylsiloxone unit (lost as a polysiloxane unit).  For this mechanistic regime, a negative ρ 
value for the Hammett constant should be expected.   
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Figure 34   
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This analysis for the transmetalation step would also correlate to the generation of the 
carbon-palladium bond from a 10-Si-5 intermediate (Figure 34).  Following formation of the ate 
complex by attack of a second equivalent of arylsilanolate, the arene of the pentacoordinate 
siliconate attacks the palladium center via an electrophilic aromatic substitution.  The electron-
rich substituents would stabilize the partial positive charge that accumulates on the arene 
following the bond formation.  Again, a negative ρ value for the Hammett constant should be 
expected.   
 For the activation step, the nucleophilicity of the arylsilanolate should also contribute to 
rate of transmetalation.  The activation step is proposed to proceed via a pentacoordinate ate 
complex formed by association of an arylsilanolate with the neutral arylpalladium arylsilanolate 
complex.  The more nucleophilic arene attacks the palladium center generating a polysilanolate 
by product after arene transfer.  For the activation of the neutral arylpalladium arylsilanolate 
complex, the more nucleophilic arylsilanolate should generate the ate complex more effectively.  
Therefore, because K+51– is the least electron-rich silanolate, the efficiency of generating the 
activated complex is expected to decrease thereby the rate of transmetalation via this pathway is 
diminished.  This analysis would also lend to an expected negative ρ value for the Hammett 
constant 
 Alternatively, the substituent modulates the electrophilicity of the silicon atom and 
contributes to the equilibrium concentration of the hypervalent siliconate intermediate.  With 
electron-withdrawing substituents, the electron density at the silicon atom decreases and the 
tendency for the anionic arylsilanolate to bind to this center is enhanced.  Furthermore, the 
siliconate intermediate would also be stabilized the negative charge that accumulates on the 
silicon atom of the ate complex.  This limited view would result in the more electrophilic 
           
121 
component reacting faster by the increased concentration of the reactive intermediate and thereby 
predicts a positive Hammett value. 
 Because the calculated Hammett value for the electronic effect of substituents on the 
arylsilanolate was negative, the electrophilicity of the silicon atom is not a significant 
contributor.  In spite of this, the substituent effect of the arylsilanolate on them silicon atom has 
been documented.  The electrophilicity of the silicon atom impacted the saturation point of the 
activation step of the various arylsilanolate nucleophiles.  As the concentration of K+39– 
increases, the rate constant increased until the concentration dependence for K+39– became 
pseudo zeroth order at a ratio of 8:1.  On the other hand, as the concentration of K+51– increases, 
no observable change in the rate constant is seen.  If the nucleophilicity of the silanolate was the 
dominant factor, then one should expect the more nucleophilic silanolate to reach saturation 
more quickly.  Therefore, the observation that the most electrophilic arylsilanolate nucleophile 
reached a saturation point at a low ratio of arylsilanolate to arylpalladium silanolate complex, the 
conclusion must be that the electrophilicity at the silicon atom is the major contributor to the 
activation equilibrium.  Fortunately, the contribution from the equilibrium for generating the ate 
complex could be eliminated by ensuring a saturation point for each complex.  The resulting 
Hammett constant is determined for the transfer step alone. 
 For these studies, the saturation point for the activated transmetalation step was not 
determined for each individual arylpalladium electrophile.  Because the ρ values for the 
substitution effect on the arylsilanolate was similar for each electrophilic partner, the relative 
contribution of the substitution on the arylpalladium electrophile is negligible.  Therefore, a 
similar saturation point for the arylsilanolate should be achieved for each arylpalladium 
silanolate complex.  The ρ values obtained for the substitution effect on the arylsilanolate 
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employing 1.0 equiv of each silanolate can be used as a baseline value.  The difference in ρ 
values for the saturated transmetalation step with those employing only 1.0 equiv is also trivial.    
 To reiterate, the results presented herein are consistent with a nucleophilic attack of an 
activated  arylsilanolate moiety onto an arylpalladium complex.  The mechanism of the activated 
transmetalation proceeds by initial generation of an arylpalladium(II) silanolate complex (xxxi, 
Figure 35) following oxidative addition of 58 into an bromoarene (xxx to xxxi).  In the presence 
of additional silanolate, a hypervalent siliconate (xxxii) is formed in a preequilibrium which 
renders the aryl group highly electron-rich.  Because the palladium center has an open 
coordination site, the arene likely pre-coordinates to the empty coordination site, organizing the 
intermediate for the transmetalation (xxxiii).  The arene is then transferred in a rate limiting 
electrophilic aromatic substitution process with concerted loss of a polysiloxane unit.  This 
process may go through the formation of a Wheland-type intermediate xxxiv which places a 
partial positive charge on the arene ring.127  These ρ values for the aryl silanolate are consistent 
with the formation of the palladium-carbon bond preceding the breaking of the carbon-silicon 
bond.  Following reductive elimination, the monoligated palladium catalyst is regenerated to 
complete the catalytic cycle. 
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Figure 35. Detailed Catalytic Cycle For Cross-Coupling of Arylsilanolates 
 
5.6. Conclusions 
 The ability to isolate a pretransmetalation precursor has provided further insight into the 
key transmetalation step of organosilanolates.  This type of mechanistic tool has allowed the 
unambiguous determination of the electronic parameters that influence the key transmetalation 
step.  These results parallel other mechanistic studies on the transmetalation of other 
organonucleophiles such as the organoboranes involved in Suzuki cross-coupling reactions and 
indicate a common feature among the various cross-coupling reactions. 
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Chapter 6. Differences Between Alkenyl and Aryl Silanolate Cross-Coupling Reactions – 
Bridging the Gap Using Palladium(II) Silanolate Complexes 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
 
6.1.  Introduction 
 The ability to isolate pretransmetalation precursors is a unique feature of the 
organosilanol cross-coupling process.  For the cross-coupling of arylsilanolates, the ability to 
isolate the pretransmetalation precursors has allowed the identification of two distinct 
mechanistic regimes (i.e. anionically activated and direct thermal) in addition to confirming the 
electronic requirements at the transmetalation step.  Using the unique ability to isolate the 
transmetalation step for this class of organonucleophiles, a number of features still can be 
examined using this technique. Throughout the evolution of metal-catalyzed cross-coupling 
reactions, ligands have had an enormous influence on many aspects of palladium-mediated 
processes, such as the ability to prolong catalyst lifetime, influence site selectivity or induce 
enantioselectivity.128  However the means by which each ligand accomplishes these feats is 
reflected in the molecular detail of the mechanistic pathways.  As many preparative optimization 
studies have clearly demonstrated, not all ligands provide an effective catalytic process.  Insight 
into the influence that ligands have on the critical transmetalation step is lacking.  By 
independently preparing a variety of palladium(II) arylsilanolate complexes bearing different 
ligands, the rates and reactivity of these complexes to give the cross-coupling product will 
provide information on the role that the ligand plays in the reaction. 
 Additionally, the influence that the transferable group contributes to the transmetalation 
step may be perturbed by the isolation of an alkenylsilanolate complex.  Previous studies on 
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alkenylsilanolates relied on kinetic analysis as the sole method for probing the mechanism.  
However, the alkenylsilanolates underwent transmetalation with such ease that the isolation of a 
pretransmetalation intermediate seemed impractical under preparative conditions. Therefore, 
employing a more stabilizing ligand should slow the transfer of the alkenyl group and allow the 
isolation of a arylpalladium(II) alkenylsilanolate. A project was thus initiated to further 
understand the key transmetalation step for organosilanolate nucleophiles by isolating a variety 
of palladium(II) aryl and alkenyl silanolate complexes. 
 
6.2.  Background 
6.2.1. Initial Studies on Bischelated Arylpalladium(II) Arylsilanolate Intermediates 
 A number of arylpalladium(II) silanolate complexes have been prepared previously in 
these laboratories.  The first complex, isolated by Dr. Michael Ober, unambiguously confirmed 
the connectivity of the various atoms and orientation of the bonds about the palladium center by 
X-ray crystallographic analysis.129 However, this complex was prepared by a different sequence 
than described in Chapter 4.  Unlike the success achieved in the displacement step for the T-
shaped system employing t-Bu3P, attempts at direct displacement of an oxidative addition 
product using both triphenylphosphine (Ph3P) and triphenylarsine (Ph3As) were unsuccessful 
(Scheme 39). 
Scheme 39 
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The inability of the potassium arylsilanolate K+39– to displace the bromide was attributed 
to steric congestion around the metal center.  Therefore, to overcome this obstacle, the bulky 
phosphine ligands were exchanged for smaller groups to eliminate the steric demand.  
Displacement could be achieved on the (TMEDA)arylpalladium(II) bromide complex 101 which 
was previously reported by Hartwig and coworkers.130  Treatment of 101 with an equimolar 
quantity of K+39–, resulted in the formation of 102 with loss of KBr.  Alternatively, the parent 
silanol 39 could be used for the displacement step in the presence of Ag2O albeit at slightly 
longer reaction times (12 h).  The (TMEDA)arylpalladium(II) arylsilanolate  complex 102 was 
spectroscopically characterized but had limited shelf stability even when maintained in an inert 
atmosphere.  Therefore, the diamine ligand was exchanged for a more stabilizing chelating 
phosphine ligand 1,1’-diphenylphosphinoferrocene (dppf). The structure of complex 103 was 
confirmed by spectroscopic methods and ultimately by X-ray crystallographic analysis (Scheme 
40).   
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 Simply heating 103 at 90 °C in toluene resulted in the formation of the expected biaryl 
product 60a with a small amount of homocoupling of the arene electrophile.  This experiment 
provided additional evidence that transmetalation from silicon to palladium did not require an 
external activator and could proceed directly from an 8-Si-4 complex.  However, the catalytic 
reaction employing dppf as the ligand generated the biaryl product more rapidly compared to the 
thermal process.  To reconcile these results, focus shifted to ensuring that the catalytic process 
was proceeding in a transmetalation limiting regime.  Once this requirement was met, the 
difference in rates between the thermal and catalytic processes could be determined. 
 A well-behaved catalytic system was eventually obtained using dppp as the ligand for the 
cross-coupling of Cs+39– with 2-bromotoluene (40j).66  It should be noted that these experiments 
were conducted using the preformed η-1 complex 75 to ensure a 1:1, Pd/ligand ratio.  
Furthermore, the reduction of this precatalyst has been demonstrated to give formation of Pd(0) 
catalyst in the presence of silanolates (see Chapter 7).74  Ultimately, the rate equation for this 
catalytic process was determined using initial rate kinetic analysis (Scheme 41).  
Scheme 41 
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d[41j]/dt = kobs[Cs+39–]1[40j]0   where kobs = k[75]1 
 
 The first order dependence of the rate on Cs+39– for the catalytic reaction suggested that 
this process was proceeding in either a displacement or an activated transmetalation limiting 
regime.  Given the rapid rate of displacement observed for both K+39– and Cs+39– (Chapter 4), a 
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rate determining displacement on an arylpalladium bromide was less likely.  Therefore, the 
catalytic reaction was likely proceeding via an activated transmetalation.  While a thermal 
process was eliminated as the likely pathway for transmetalation under these conditions, 
isolation of the proposed arylpalladium(II) silanolate complex was required to demonstrate its 
intermediacy.  Complex 104 was independently prepared in an analogous manner to the 
procedure described above and the structural features were confirmed by single crystal X-ray 
diffraction analysis (Figure 36).131 
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Figure 36. (Dppp)arylpalladium(II) silanolate complex 104 
 
 With complex 104 in hand, a number of experiments were conducted to garner insight 
into the mechanism of the cross-coupling of arylsilanolates.66  First, employing complex 104 as 
the catalyst (7.5 %) in the reaction of Cs+39– with 40j resulted in the formation of 41j with good 
catalyst turnover.  More importantly, when the reaction was stopped at ca. 37% conversion, 31P 
NMR displayed the signals for complex 104 thus indicating the arylpalladium(II) silanolate was 
the resting state of the reaction.  Next, the ability of 104 to afford the desired biaryl without the 
need for external activation was investigated.  Heating 104 in PhCF3 at 100 °C in the presence of 
3.0 equiv of 40j132 yielded a quantitative amount of the biaryl product (Scheme 42). 
Unfortunately, the rates of transmetalation for the thermal, stoichiometric system (kobs = 0.17 
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µmol/min) did not match the catalytic reaction rate  (kobs = 5.29 µmol/min) suggesting further 
that the catalytic reaction was proceeding by an activated pathway.  
Scheme 42. 
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6.2.2.  Ligand Effects on the Transmetalation of Arylsilanolates to Palladium 
 The continued investigation into the mechanism of arylsilanolate cross-coupling reactions 
was aimed at establishing if the direct, thermal transmetalation pathway was operative under any 
catalytic conditions.  Thus, the focus shifted to identifying a system in which the catalytic 
process did not produce a dependence on the [Cs+39–], thereby allowing for both the catalytic 
and stoichiometric processes to be compared.  To this end, a variety of chelated arylpalladium(II) 
silanolate complexes were prepared and the kinetic analysis of the reaction employing these 
complexes as catalysts was undertaken (Table 18).  Both dppp- and dppf-derived complexes 
resulted in a first order dependence on [Cs+39–] while dppe and the corresponding trans-Ph3P 
showed no dependence.  Intriguingly, the (dppbenzene)arylpalladium complex catalyzed reaction 
resulted in a minimal rate enhancement with increasing concentration of [Cs+39–].  Although a 
satisfying explanation could not be formulated to explain the striking effect these ligands had on 
the catalytic process, it was apparent that they contributed significantly to the process. 
           
130 
Table 18.  Kinetics of Cross-Coupling of Arylsilanolates Employing Arylpalladium Silanolate 
Complexes as Catalysts 
H3CO
CH3
41j
Pd
Ph2
P
P
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O
H3C
Si
OCH3
CH3
CH3
PhCF3, 100 °C
(9 mol%)Si
H3CO
H3C CH3
O-Cs+ +
Br
CH3
Cs+39– 40j
d[41j]/dt = k[40j]0[Cs+39–]X where k = kobs[Pd]  
entry Pd complex (cat.)  [Cs+39–] dependence (X) 
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a Partial order behavior was observed employing dppbenzene as the 
chelating ligand.  Stoichiometric palladium experiments reveal a first 
order dependence for [Cs+39–] 
 
 The influence of these ligands on the cross-coupling process was further established in 
studies on the direct, thermal transmetalation of each complex.  When the dppe- and dppf-
derived complexes 107 and 108 were heated at 100 °C in PhCF3, the biaryl product 40j was 
formed, albeit at a slower rate compared to the dppp-based complex 107 (Table 19).  Moreover, 
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when the dppbenzene-derived complex was heated at 100 °C in PhCF3, no product formation 
was observed even after 3 h.  These data in combination with the results from the kinetic studies 
suggest that ligand dissociation is required for transmetalation to proceed.  To support this 
hypothesis, both the catalytic and stoichiometric reactions were conducted in the presence of 
excess phosphine.  For the reactions involving dppp as the ligand, both the catalytic and 
stoichiometric processes were completely inhibited in the presence of excess phosphine. These 
data confirm that transmetalation is inhibited by the presence of exogenous phosphine in solution 
and complete ligand dissociation is required.  Transmetalation occurring from a monodeligation 
was excluded since complete inhibition was observed.  To eliminate the influence that ligands 
were playing on the transmetalation step, a system was needed that did not require strongly 
coordinating phosphine ligands. 
Table 19.  Thermal Transmetalation of Palladium(II) Silanolate Complexes with Varying 
Ligands 
P
Pd
P O
Si
CH3Ph2
Ph2
PhCF3, 100 °C
CH3
H3CO
H3C
OCH3
H3C  
entry ligand complex rate (mM/s) 
1 dppe 107 3.37 x 10-3 
2 dppp 104 7.08 x 10-4 
3 dppf 108 5.00 x 10-4 
4 dppbenza 109 - 
5 trans-PPh3 110 3.55 x 10-2 
a Complex was heated for 3 h. 
  
As described in Chapter 2, phosphine oxides can serve as stabilizing ligands for 
palladium, but do not have the same coordination ability as the parent phosphines.  Therefore, 
the cross-coupling of Cs+39– with 40j catalyzed by [allylPdCl]2 (7.5 mol %) in the presence of 
phosphine oxide additive (dpppO2, 1:1, bisoxide/Pd) was conducted to ensure that it was 
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operating in a transmetalation limiting regime.  Each component was analyzed by initial rate 
kinetics and the rate equation was determined (eq. 1). Having established a catalytic process 
where no dependence on both [Cs+39–] and [ligand] was present, the stoichiometric thermal 
process needed to be established under similar “ligandless” conditions. 
d[41j]/dt = kobs[Cs+39–]0[40j]0   where kobs = k[Pd]1[dpppO2]0 (eq. 1) 
 
 Copper (I) salts, such as CuCl, are highly effective at binding phosphines in solution.133 
For example, Liebeskind and co-workers have demonstrated the ability of copper(I) thiophene-2-
carboxylate (CuTC) to sequester phosphines in palladium-catalyzed cross-coupling reactions.134  
The CuTC is expected to bind to dppp creating a corresponding quantity of ligandless 
arylpalladium complex. This experiment assumes that the affinity of Cu(I) for phosphine is 
sufficiently higher than the arylpalladium(II) silanolate to allow complete removal of the ligand 
by the Cu(I) in equimolar quantities.135  To determine the transmetalation rate of a “ligandless” 
arylpalladium(II) silanolate in the absence of silanolate, complex 82 was treated with CuTC in 
refluxing benzotrifluoride.  In the presence of 10 mol % of CuTC, the thermal transmetalation 
rate greatly increased (Scheme 43).  In fact, the reaction rate (kobs = 5.53 x 10-5 mMs-1) in the 
presence of CuTC closely matches the catalytic rate (kobs = 9.24 x 10-5 mMs-1), but is still slower.  
These data suggest that under ligandless catalytic conditions, the cross-coupling of 
arylsilanolates can proceed solely from a direct transmetalation of a ligandless arylpalladium(II) 
silanolate without anionic activation.  However, these results must be tempered by the fact that 
different ligands may not produce identical quantities of subligated palladium at similar rates.  
Thus, additional studies were warranted to address these concerns. 
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6.3. Research Objectives  
 To fully understand the role that ligands play in the cross-coupling of organosilanolates, 
additional experiments involving the generation of ligandless palladium complexes from various 
sources need to be carried out.  Additional insight may also be garnered from the crystal 
structures of each complex by comparing the bonding, spacing, orientation, etc of the various 
arylpalladium(II) silanolate species.  Accordingly, studies were initiated by obtaining crystals of 
the various complexes described above and subjecting them to the X-ray diffraction analysis.  In 
the end, the full mechanistic landscape of this process could enable the development of improved 
catalytic process and possibly provide insight to other organometallic-based cross-coupling 
processes.  
In addition, a gap still remains between all of the structural and kinetic analysis of the 
arylsilanolate cross-coupling reactions with those from the alkenyl systems.  A complete 
mechanistic picture cannot be formulated until similar studies as those described above are 
achieved for the alkenylsilanolate couplings.  Therefore, to achieve this goal the following 
studies were conducted: 
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1. Kinetic analysis of the “ligandless” cross-coupling reaction of styryl silanolates including 
the determination of the rate equation. 
2. Demonstration of the intermediacy of an arylpalladium(II) styrylsilanolate complex and 
comparison of the results obtained between the two silanolate classes (alkenyl and aryl). 
 
6.4. Results 
6.4.1. Preparation and Characterization of Various Arylpalladium(II) Silanolate Complexes 
 Because arylpalladium(II) silanolate complexes have been prepared previously in these 
laboratories66,129, the synthesis of these complexes will be only briefly described. Combination of 
(TMEDA)arylpalladium(II) iodide complex 105130 with 39 in the presence of silver oxide 
afforded the (TMEDA)arylpalladium(II) silanolate 106 in quantitative yield (Scheme 44).  
Treatment of 106 with a variety of chelating bisphosphines afforded (L2)arylpalladium(II) 
silanolates 104 and 107-109 in excellent yields.  These complexes were stable at room 
temperature when maintained under an inert atmosphere.9  The 1H NMR spectroscopic analysis 
of these complexes showed the loss of the TMEDA ligand and the characteristic A2B2 pattern for 
the arylsilanol moiety.  Moreover, the 31P NMR spectrum displayed two mutually coupled non-
equivalent phosphorus nuclei in each system (Table 20). 
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Scheme 44 
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 The structure of adducts 107 and 109 were confirmed by single crystal X-ray diffraction 
analysis (Table 20).136 These complexes contained the expected Pd-O-Si bond with the cis 
orientation of the bidentate ligands.  The Pd(1)-O(1) bond length for each complex was found to 
be 2.044 Å and is slightly shorter than other palladium(II) silanolates, however longer in distance 
compared to the T-shaped complex described in Chapter 4.104  The Si(1)-O(1) bond length of 
1.584 (107) and 1.586 Å (109) is typical for palladium-bound silanolates,  which suggests that a 
ligand effect may be responsible for this substantial lengthening of the Pd-O bond.116  The trans 
influence of the aryl group is significant as the P(2)-Pd(1) bond (2.343 and 2.316 Å) is much 
longer than the P(1)-Pd(1) bond (2.216 and 2.199 Å) respectively.  All of these values are in 
good agreement with the other chelating bisphosphine complexes containing the silanolate 
moiety that have been isolated.66,129  One structural feature that becomes immediately apparent is 
the difference in the P(1)-Pd-Pd(2) angles.  Complexes 107 and 109 have a much more acute 
bonding angle (86 ° and 87 °) compared to 104 (96 °) and 103 (98 °).  Furthermore, as the angle 
becomes more acute, the respective bond distances between phosphorus and palladium also 
decreases.  This type of structural deformation may change the rate of dissociation for these 
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ligated complexes and subsequently affect the transmetalation step as was observed 
correspondingly for the direct, thermal processes. 
 
Table 20. X-ray Crystal Structures and Parameters of Arylpalladium(II) Silanolates 103, 104, 
107, 109 and 70 
103 104 107
109 70
Pd
P(1)
P(2)
O Si Pd
P(1)
P(2)
O
Si
Pd
P(1)
P(2)
O Si
Pd
P(1)
P(2)
O Si
PdP(1) O
Si
 
parameters 103 
(dppf) 
104  
(dppp) 
107  
(dppe) 
109 
(dppbenzene) 
70  
(t-Bu3P) 
Si-O 1.523 Å 1.592 Å 1.584 Å 1.586 Å 1.606 Å 
Pd-O 2.085 Å 2.052 Å 2.044 Å 2.044 Å 2.016 Å 
ipsoC-Pd 2.021 Å 2.057 Å 2.035 Å 2.050 Å 1.965 Å 
P(1)-Pd 2.234 Å 2.214 Å 2.216 Å 2.199 Å 2.259 Å 
P(2)-Pd 2.343 Å 2.367 Å 2.343 Å 2.316 Å – 
Si-O-Pd 137.2 ° 143.40 ° 143.40 ° 129.39 ° 129 ° 
P(1)-Pd-P(2) 98.2 ° 96.2 ° 86.0 ° 87.0 ° – 
31P NMR 
resonancesa 
33.4, 9.2 
(33.8)b 
21.1, -10.5 
(48.8) 
50.8, 26.0 
(46.1) 
52.2, 35.9 
(30.5) 
61.4 
a Reported in ppm b Number in parentheses refers to coupling constant in Hertz (Hz) 
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6.4.2. Generation of “Ligandless” Arylpalladium(II) Silanolate Complexes 
 With the requisite complexes in hand, the study on the rates of transmetalation in the 
presence of CuTC was initiated.  Treating complexes 107-109 with 10 mol % of CuTC in PhCF3 
at 100 °C resulted in biaryl formation at strikingly different rates.  From initial rate kinetic 
analysis, 41j was formed at a rate of 8.15 x 10-3 mM/s employing dppe as the ligand (Table 21).  
This value was slightly diminished compared to complex 104 which afforded 41j at a rate of 
9.21 x 10-3 mM/s.  Complex 109 was unreactive under these conditions even after 3 h of heating.  
However, the dppf-derived complex 108 afforded a 10-fold increase in product formation (9.21 x 
10-2 mM/s)!  These data suggest that the ligand dissociation is dominant in the generation of 
subligated palladium complexes and follows the trend of dppf > dppp > dppe >> dppbenzene. 
 
Table 21. Effect of Ligands on the Cu-assisted Transmetalation of Arylsilanolates 
P
Pd
P O
Si
CH3Ph2
Ph2
CuTC (10 mol %)
PhCF3, 100 °C CH3
H3CO
H3C
OCH3
H3C
104, 107-109
41j
 
entry complex   ligand rate (10-2, mM/s) rel. rate 
1 107 dppe 0.815 1.0 
2 104 dppp 0.921a 1.1 
3 108 dppf 9.21 11.3 
4 109 dppbenzene - - 
a results from Dr. Steven Tymonko 
 
 Because it is conceivable that the phosphine scavenger may not be quantitatively 
removing the chelating phosphine from the palladium center, other metal systems were briefly 
investigated.  Ni(1,5-cyclooctadiene)2 (Ni(COD)2) has been used as a phosphine scavenger for 
various ethylene oligomerization processes to minimize the amount of polymerization that arises 
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from excess phosphine in solution.137  These Ni(0) scavengers bind phosphines more readily than 
Ni(II) complexes.  Therefore, it was hypothesized that the Ni(0) catalyst would likewise remove 
phosphines from the palladium(II) silanolate complex and generate a quantity of “ligandless” 
palladium.   
 Treatment of complex 104 with 10 mol % of Ni(COD)2 in PhCF3 at 100 °C was 
monitored by GC analysis (Scheme 45).  The rate of transmetalation using Ni as the phosphine 
scavenger resulted in a diminished rate compared to using CuTC (8.30 x 10-6 vs. 9.21 x 10-6 
mM/s, respectively). This data suggested that Ni(COD)2 was not as effective at scavenging 
phosphine as CuTC from the palladium(II) intermediate, however both complexes were shown to 
promote the transmetalation event by assisting the deligation of the phosphine.  The rates of 
phosphine removal from the palladium center were still unknown and further experimentation 
would be required to address this issue.  
Scheme 45   
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6.4.3. Studies on the “Ligandless” Cross-Coupling Reaction of Alkenyl Silanolates 
 In related mechanistic studies in these laboratories an arylpalladium(II) alkenylsilanolate 
complex 113 ligated by dppp  was spectroscopically and crystallographically characterized and 
found to be sufficiently stable for analysis (Figure 37).66   To determine if other alkenylsilanolate 
complexes were as stable, the preparation of a trans-(PPh3) arylpalladium(II) alkenylsilanolate 
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was sought.  As discovered in the studies on the arylsilanolate cross-coupling reactions, the 
trans-(PPh3) ligated transmetalation precursors reacted significantly faster than the bidentate 
phosphines.66 Gratifyingly, the preparation of a trans-Ph3P complex prepared from (E)-
dimethyl(styryl)silanol 110 was achieved following an identical sequence described in Section 
6.4.1 in an 81% overall yield (Scheme 46).  This complex also produced high quality crystals 
which were analyzed by single crystal X-ray diffraction methods. 
Scheme 46   
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 The structure of adduct 112 shows remarkable similarities to the corresponding aryl 
complexes (Table 22).  Most of the respective bond distances including the Si-O (1.541 Å) , Pd-
O (2.053 Å), and ipsoC-Pd (2.001 Å) are well within the limits of the other complexes.  
However, the major difference in this structure lies in the phosphine atom parameters.  Unlike 
the cis-bound phosphine complexes, the Pd-P bond distances are nearly identical given that no 
trans-influence is present (2.319 and 2.315 Å).  The two phosphine atoms lie 177 ° apart which 
causes some steric crowding about the palladium center.  As shown in Figure 37, the dppp-
derived styryl complex66 places the olefin of the styrene above the square plane of the complex 
while the steric environment created by the six phenyl rings of 112 prevents the alkene from 
approaching the palladium center.  Therefore, the ligand directs the styryl substituent to point 
away from the metal sphere in the solid state. 
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Table 22.  Comparison of X-ray Crystal Structures of Arylpalladium(II) Aryl- and 
Alkenylsilanolate Complexes  
parameters 104 (dppp-aryl) 113 (dppp-styryl) 112 (Ph3P-styryl) 
Si-O 1.592 Å 1.577 Å 1.604 Å 
O-Pd 2.052 Å 2.050 Å 2.053 Å 
ipsoC-Pd 2.057 Å 2.042 Å 2.000 Å 
P(1)-Pd 2.214 Å 2.218 Å 2.315 Å 
P(2)-Pd 2.367 Å 2.348 Å 2.319 Å 
Si-O-Pd 143 ° 142 ° 154 ° 
P(1)-Pd-P(2) 96 ° 96 ° 177 ° 
  
Pd
Ph3P O
PPh3
CH3
Si
PhH3C
CH3
112
P
Ph2
Pd
Ph2
P O
Me
Si
Me Me
top view side view
no steric encumberance
steric crowding
113
 
Figure 37.  Structural representations of Ph3P (112) and dppp (113) ligated arylpalladium(II) 
(E)-styrylsilanolate complexes 
 
 Previous experiments from these laboratories demonstrated the ability of complex 113 to 
undergo a direct, thermal transmetalation at 100 °C,66 whereas the preparative cross-couplings 
required lower temperatures (22 °C) using Pd(dba)2 as the catalyst.  Therefore, the requirement 
for elevated temperatures must be the driving force for dissociation of the strongly binding 
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phosphine ligand.  On the basis of the results from the stoichiometric experiment involving 
arylsilanolates, the combination of CuTC with an alkenylsilanolate complex should result in a 
rapid transmetalation by assisting in the decomplexation of the ligands.  Treatment of complex 
113 with 10 mol % of CuTC in PhCF3 at room temperature, generated 114 in quantitative yield 
with an initial rate of 2.08 x 10-5 mM/s (Scheme 47).  Upon treatment of the corresponding 
trans-(Ph3P) complex 112 under identical conditions, the initial rate of product formation was 
slightly greater (2.75 x 10-5 mM/s).  These results clearly demonstrate the ability for 
alkenylsilanolates to undergo transmetalation without the need for external activation at room 
temperature.  
Scheme 47  
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 The isolation and competence of an arylpalladium(II) alkenylsilanolate complex provided 
further support that the cross-coupling of alkenylsilanolates can proceed directly from an 8-Si-4 
intermediate.  To unambiguously establish this pathway under catalytic conditions, the rate 
equation for the corresponding catalytic reaction in the absence of phosphine ligands must be 
established.  The order determination for each component of the cross-coupling of Cs+110– 
employing a phosphine oxide was required to determine the rate equation.  Thus, the cesium salt 
Cs+110– needed to be prepared to ensure similar catalytic behavior as observed for the aryl 
silanolate cross-coupling reactions.  Attempts to prepare the cesium salt of 110 employing 
cesium metal resulted in the formation of Cs+110– along with an unexpected impurity in 20-30% 
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yield (Scheme 48).  To identify this impurity, the products were quenched onto a pH 5 acetate 
buffer and the sample was analyzed by GC/MS.  The GC trace indicated the presence of two 
separate species of similar retention times which had m/z 310 (70%) and 312 (30%) (impurity) 
respectively.  The impurity must be the reduced form of Cs+110–.  Because the dissolving metal 
process for deprotonation was reducing the double bond, a different protocol for the preparation 
of Cs+110– was needed. 
Scheme 48 
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 Because cesium hydride is not stable, other cesium bases were explored.  Cesium tert-
butoxide was prepared by treating tert-butanol with Cs0 in benzene at 0 °C and then 110 was 
added dropwise.  The resulting solution was stirred at room temperature and after 30 min, an 
aliquot was removed and concentrated in vacuo to afford a white solid.  Analysis by 1H NMR 
spectroscopy showed only the desired cesium silanolate Cs+110– in addition to tert-butanol.  
Unfortunately, all attempts at removing the excess t-BuOH from the solid were unsuccessful.  
Most likely, the alcoholic solvent forms a solvent cage around the anionic salt and cannot be 
removed. 
Under the assumption that the rate of reduction of the double was competitive with the 
deprotonation of the silanol, the amount of reduction could be attenuated if a more reactive 
double bond was present during the formation of the silanolate.  Reaction of 110 with Cs0 in the 
presence of 1.01 equiv of styrene, the amount of the impurity was reduced to 12%.  Performing 
the deprotonation in the presence of 1.1 equiv of 4-chlorostyrene, the amount of Cs+115– was 
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decreased to 8 % (Table 23).  Additional equivalents of 4-chlorostyrene resulted in a slight 
improvement before the ratio of Cs+110–: Cs+115– leveled at 96:4  
Table 23. Metal-Mediated Deprotonation of 110 in the Presence of Substituted Styrenes 
Si
OH
CH3H3C
Si
OCs
CH3H3C
110 Cs+110–
Cs0 (0.98 equiv)
C6H6, rt
Si
OCs
CH3H3C
Cs+115–
+
R
+
X equiv  
 
 
 The kinetic analysis of the catalytic cross-coupling of Cs+110- with 40j using APC and 
dppp(O)2 at room temperature (Scheme 49) resulted in the production of 114 at a greater rate 
compared to the stoichiometric transmetalation adjusted for the nominal concentration of 
palladium (2.19 x 10-5 mM/s, 1000 fold increase).66  Although the large discrepancy was 
concerning, the order in each component was nonetheless determined to ensure that the reaction 
still proceeded in a transmetalation limiting regime.  Both 40j and Cs+110– were found to have 
fractional order behavior under these conditions.  Although a number of hypotheses could be 
formulated to explain this behavior, it was deemed more fruitful to increase the temperature to 
avoid any issues with oxidative addition, reduction of the precatalyst, or partial activation. 
Scheme 49 
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entry R equiv ratio Cs+110–: Cs+115– 
1 H 100 88:12 
2 Cl 110 92:8 
3 Cl 150 96:4 
4 Cl 200 96:4 
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 The cross-coupling reaction of Cs+110– and 40j using APC (3.5 mol %) and dppp(O)2 (7 
mol %) was then performed at 40 °C in PhCF3.  No kinetic dependence on the 40j was observed, 
while a partial order (0.75) for Cs+110– was obtained.  To eliminate any contribution by the 
sterically-hindered aryl halide, the catalytic reaction was performed using 4-iodotoluene 117j.  
Even using 117j as the aryl electrophile resulted in an observable increase in the initial rate with 
increasing silanolate loadings.  Therefore, Cs+110– seemed to open an activated pathway for 
transmetalation and the partial order may indicate that the reaction is reaching a saturation point 
or two separate mechanistic pathways were operative. 
 This hypothesis was tested by using the potassium salt, K+110– in the catalytic reaction.138  
As described in Chapter 4, a significant rate difference was observed using the potassium 
silanolate compared to the cesium salt.  The order in K+110– was obtained by comparison of the 
initial rates of product formation versus 60, 80 and 160 mM concentrations of K+88– (Table 24, 
entries 1-3).  A slope of 0.042 obtained from a plot of the data clearly shows no effect of the 
concentration of K+110– and established zeroth-order behavior for this component.  A slope of 
0.019 was obtained for the order in 2-iodotoluene (117j) at 40, 80 and 160 mM (entries 1, 4-5), 
corresponding to no change in reaction rate and, again, establishes zeroth-order behavior for this 
component.  Next, the dependence of the rate constant on the loading of the palladium catalyst 
was determined by comparison of the initial rates of product formation versus 2.25, 3.38, 4.5, 
and 6.75 mol % loadings of [allylPdCl]2 at 80 mM in 117j (entries 1, 6-8) .  A slope of 1.105 
obtained from a log (rate) vs. log (conc.) plot of the data is consistent with a first-order 
dependence of the observed rate constant on the concentration of palladium. To ensure that the 
phosphine oxide additive does not impact the reaction rate, the cross-coupling was repeated with 
an increased dppp(O)2 loading (entry 9).  No change in the reaction rate was observed, ruling out 
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any kinetically significant role of the phosphine oxide. These data establish the overall rate 
equation for the reaction of K+110– with 117j catalyzed by [allylPdCl]2.  The rate equation (eq. 
2) matches that of the alkenylsilanolates reported previously53 in which turnover-limiting, direct 
transmetalation from an arylpalladium(II) intermediate takes place without anionic activation. 
Thus, the comparison to the rate of transmetalation of the stoichiometric system should now be 
feasible. 
d[114]/dt = kobs[K+110–]0[117j]0 with kobs = k[Pd]1.1[dpppO2]0 (eq. 2) 
 
Table 24. Initial Rates for Cross-Coupling of K+110– and 117j at 40 °C 
Si
O–K+
CH3H3C
K+110–
[allylPdCl]2 , dpppO2 
PhCF3, 40 °C
I
+
CH3
117j
CH3
114j  
 entry K+110–, mM 117j, mM Pd, mM dpppO2, mMa kobs, mM/s 
1 80 80 3.6 3.6 3.05 x 10-2 
2 60 80 3.6 3.6 3.47 x 10-2 
3 160 80 3.6 3.6 3.23 x 10-2 
4 80 40 3.6 3.6 2.72 x 10-2 
5 80 160 3.6 3.6 3.03 x 10-2 
6 80 80 5.4 5.4 4.47 x 10-2 
7 80 80 7.2 7.2 6.40 x 10-2 
8 80 80 10.6 10.6 1.01 x 10-1 
9 80 80 3.6 7.2 3.47 x 10-2 
10b 80 80 3.6 3.6 2.68 x 10-2 
a Amount of dpppO2 equal to Pd/phosphine oxide of 1/1 b Added 3.6 mM CuTC 
 
 Upon heating complex 113 in PhCF3 at 40 °C in the presence of 10 mol % of CuTC, the 
formation of 114 was apparent at a significantly increased rate compared to the room 
temperature experiments (Scheme 50).  As described for the transmetalation studies involving 
arylsilanolates, the use of CuTC is expected to generate an equimolar quantity of the subligated 
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palladium complex.  Nonetheless, the rate constant for this process was still a factor of 4 slower 
compared to the catalytic rate (8.00 x 10-3 mM/s).  This disparity could arise from either 
incomplete or slow decomplexation of dppp from 113.   In the end, the ability to directly 
compare the rate of coupling for the catalytic reaction with the direct, thermal transmetalation 
was cloaked by the unknown rate and extent of ligand dissociation.  
Scheme 50 
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6.5. Discussion 
6.5.1.  Structural Features of Palladium(II) Silanolate Complexes 
 With a number of arylpalladium alkenyl- and arylsilanolate complexes in hand, a direct 
comparison of the structural features can provide useful insight into the difference in reactivity 
observed for the transmetalation step.  Therefore, the crystal structures for the arylpalladium(II) 
arylsilanolates 103, 104, 107 and 109 were overlaid using a molecular operating environment 
(MOE) (Figure 38).139  Two separate orientations are presented that show the relative position of 
the phosphorus atoms with respect to each complex, but also a rotation about the palladium 
center that displays the difference in rigidity of the different phosphine backbones.  Overall, no 
significant change in the position of the atoms in the crystal structures is apparent.  The 
orientations of the arene groups, including the silanol moieties, all appears to be in good 
agreement with each other.  Surprisingly, only a small difference (rms = 0.129 Å) in the P-Pd-P 
position was determined using MOE program.  One might imagine that from this picture alone, 
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the reactivity difference between these complexes should not be significant.  However, 
examination of the backbones of the chelating bisphosphines reveals a much different picture.  
Comparing complexes 107 (dppe) and 109 (dppbenzene) each contain a two carbon bridge, 107 
shows more flexibility.  The ethylene backbone is tilted slightly out of plane whereas the 
benzene bridge of 13 creates a more rigid structure.  Increasing the carbon backbone by one 
additional carbon increases the flexibility of the chelating ligand by the observed bending of the 
carbon chain.  The backbone of the dppf-complex appears is rigid than the other bisphosphine 
complexes, but the two cyclopentadienyl groups are distorted out of the square plane of the Pd 
complex.  These structural traits would predict that the order of reactivity for these complexes 
would be dppf > dppp > dppe > dppbenzene owing to the ease of ligand dissociation. 
  
Figure 38.  MOE overlay of palladium aryl silanolate complexes 103, 104, 107 and 109 
 
This trend in reactivity can also be anticipated by comparing the various angles and bond 
distances obtained from the X-ray crystal structures.  The ligand bite angle of many transition 
metal complexes can dramatically affect both the reactivity and selectivity of catalytic 
processes.11  Bite angles have been compiled from various crystal structures and can be 
compared to those obtained from the palladium silanolate complexes described above (Table 
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25).140  The trend in bite angles for complexes 103, 104, 107, and 109 are in good agreement 
with other chelated metal complexes (dppe~dppbenzene < dppp < dppf).   
Table 25. Comparison of the Bite Angles for Complexes 103, 104, 107 and 109 
entry complex ligand bite angle (°) average bite angle (°) 
1 103 dppf 98.21 96 
2 104 dppp 96.15 91 
3 107 dppe 85.97 85 
4 109 dppbenzene 87.00 83 
 
Additionally, the length of the Pd-P bonds may also contribute to rate of dissociation of 
these ligands which facilitates these metal-catalyzed processes.  Here again, complex 103 has the 
longest Pd-P bonds which would allow for a more facile dissociation of the arms of these 
ligands.141  Therefore, the structural information garnered from these complexes again suggests 
that the rate of transmetalation should follow the ease of dissociation as: dppf > dppp > dppe > 
dppbenzene.   
When the expected trend in reactivity for these arylpalladium silanolate complexes is 
compared to the trend obtained from the rates of the thermal transmetalation process, the 
experimental data does not match well.  The fastest rate for the thermal transmetalation was the 
dppe-ligated complex 107 followed by 108 (dppf) and 104 (dppp).  An unambiguous conclusion 
to this unexpected trend cannot be formulated at this time. 
 
6.5.2.  Cu-Promoted Transmetalation of Arylpalladium(II) Silanolates 
 The observation of inhibition of the cross-coupling of aryl silanolates employing an 
excess of a bidentate phosphine (dppp) suggests that full ligand dissociation is required for 
transmetalation.  The equilibrium position of a single phosphine dissociation (119) must lie 
heavily towards the chelated complex (118) and therefore the rate of transmetalation (k3[120]) is 
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slower than recapture of the deligated phosphine (k-1[dppp][120]) (Scheme 51).  If the 
equilibrium concentration of the deligated complex 120 could be shifted, then the 
transmetalation should proceed faster.  
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 Upon treatment of the arylpalladium arylsilanolate complexes (104 and 107-109) with 
CuTC, a considerable difference in the rate of transmetalation was observed.  On the basis of 
trends observed in the crystal structures, complex 108 (dppf) should have a larger Keq (k1/k-1) 
compared to the other complexes, because of the longer Pd-P bonds, thereby creating a larger 
concentration of the monoligated species.  At this stage, CuTC is proposed to bind to the free 
phosphine group, slowing the subsequent recapture onto palladium k4>>k-3 (Figure 39).  Once 
one phosphine atom is bound to copper than either: (1) the CuTC serves to remove the second 
phosphine atom generating a “ligandless”, 12 e- palladium complex 124 which can undergo rapid 
transmetalation (k7).  Following reductive elimination (k8), a subligated Pd(0) complex is formed 
which can reinitiate the phosphine removal from the bound complex 119 (via 126) or (2) 
transmetalation occurs directly from the monoligated species 122 as the rate determining, 
irreversible step.  However, the monophosphine species that results after reductive elimination 
would not be as effective at removing the phosphine ligand from another palladium(II) 
intermediate.  While these experiments cannot unambiguously distinguish between these two 
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processes, it is more likely that the copper forms a bis-chelate with the phosphines than 
producing a bimetallic bridged system.   
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Figure 39.  Proposed Mechanism for Phosphine Removal In the Presence of a Cu(I) Salt  
 
 The diminished rate of transmetalation for other bidentate complexes is attributed to the 
decreased concentration of the monoligated intermediate.  The decreased length of the Pd-P 
phosphorus bond in 107 results in a slower rate of dissociation compared to 104 while the 
presence of the dppbenzene ligand in complex 109 completely rigidifies the complex eliminating 
any monoligated intermediate from forming.  These data allow the construction of a self-
consistent mechanism for the cross-coupling of arylsilanolates employing bidentate phosphine 
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ligands (Figure 40).  Starting from a palladium(0) catalyst xxxvii, which is generated from a 
palladium(II) precatalyst xxxvi (Chapter 7), oxidative addition to Pd(0) occurs on the aryl halide 
to generate a palladium(II) halide species xxxviii.  Fast displacement of the arylpalladium halide 
by the alkali-metal silanolate produces the palladium(II) silanolate complex xxxix which serves 
as the resting state for the catalytic reaction.  The arylpalladium arylsilanolate intermediate xxxix 
exists in an equilibrium with its monoligated form xl.  Following deligation of one arm of the 
bidentate ligand, a second molecule of silanolate activates the silanolate moiety to a hypervalent 
siliconate complex xli as described in Chapter 4.  The ligand must then completely dissociate 
from the 10-Si-5 intermediate xli at which point a rapid transmetalation of the subligated species 
xlii occurs.142  Following reductive elimination, the subligated palladium xxxvii recombines with 
the bidentate ligand and reenters the catalytic cycle. 
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Figure 40. Proposed mechanism for cross-coupling of arylsilanolate involving an activated 
transmetalation 
 
 This proposed mechanism is in good agreement with the full corpus of kinetic and 
stoichiometric experiments that have been conducted in these laboratories.  To account for the 
disparity in rate dependence observed for [Cs+39–] with the various bidentate ligands under 
catalytic conditions, the inspection of the ligand effect is warranted.  The equilibrium constant 
(Figure 40, k4/k-4) is large for intermediates 104 and 108 and therefore a first order dependence 
for [Cs+39–] is observed owing to a smaller ratio of Cs+39–/xl.  On the other hand, complex 107 
exists predominately as the bisligated species and the relative concentration of the monoligated 
species is small. Therefore, the ratio of Cs+39–/xl is larger and results in the anionic 
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transmetalation step becoming saturated. As a result, no order dependence for [Cs+39–] on the 
rate of transmetalation is observed.   The direct, thermal transmetalation is still a plausible 
pathway for this process, however the disparity between the rates of the stoichiometric studies 
and the catalytic reactions cannot be ignored.  This data is consistent with this mechanistic 
hypothesis, but the proposal is not concrete and other theories could be formulated (vide infra).  
 Another possibility that accounts for the ligand effects observed in the cross-coupling of 
arylsilanolate involves the formation of a more active palladium catalyst during the course of the 
reaction (Figure 41).  This hypothesis originates with the observation that ligand oxidation can 
occur in the catalytic cross-coupling reaction of arylsilanolates.66  Therefore, if the ligand in the 
arylpalladium(II) arylsilanolate intermediate (resting state) suffers a destructive side reaction 
(e.g. oxidation to the phosphine oxide), the transmetalation of the subligated intermediate would 
proceed rapidly. Reductive elimination occurs promptly, generating a highly electron-deficient 
Pd(0) species which participates in a similar catalytic process albeit at a faster rate.  Thereby, the 
rate determining, irreversible step in this process would be the ligand oxidation/removal.  The 
rate and extent to which each ligand suffers this unwanted side process would be highly ligand 
dependent and track with rate of deligation.  In the end, the ability to compare the different rates 
of the catalytic reaction and stoichiometric processes would be thwarted by the inability to 
unambiguously determine the nominal concentration of active palladium. 
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Figure 41.  Proposed mechanism for the cross-coupling of arylsilanolates with aryl bromides via 
generation of more active catalyst 
 
6.5.3. Cross-Coupling Reactions Involving Styryl Silanolates Can Proceed Via Both A Direct, 
Unactivated Transmetalation and an Activated Transmetalation Pathway 
 At the time these studies were initiated, Cs+110– was chosen to eliminate any contribution 
of the nucleophilicity of the silanolate may play in the steps of the catalytic cycle such as the 
reduction of the palladium(II) precatalyst.  Surprisingly, this decision provided a number of 
interesting insights about the catalytic reaction, and also the reactivity of this class of substrates.   
To begin, the preparation of the Cs+110– warrants further discussion.  The susceptibility 
of this class of organosilane to undergo radical reduction during the deprotonation sequence was 
surprising.  One would expect that as the cesium metal reacts with the acidic proton, the 
generated hydrogen radical would combine with a second molecule of 110 and quickly form H2 
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(Figure 42). However, from the ratio of Cs+110– to Cs+116– (ca. 70:30), one may conclude that 
the relative rate of reduction is competitive with the deprotonation of the silanol.  However, in 
the presence of excess 4-chlorostyrene, the electron-deficient double bond is reduced more 
rapidly than with the styryl silanolate and serves as the base for deprotonation.  While the 
products of the 4-chlorostyrene were not isolated, one can assume that this reagent was reduced 
to 4-chloro-1-ethylbenzene or underwent some type of radical polymerization. 
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Figure 42.  Possible pathways for the deprotonation of 110. 
 
 The results obtained from the kinetic experiments involving Cs+110– and 40j employing 
APC and dppp(O)2 provided partial rate orders for both stoichiometric reagents.  The various 
steps of the catalytic cycle predict different concentration dependence on each component and 
should eliminate various rate determining steps.  Starting from the palladium(II) precatalyst 
[allylPdCl]2, reduction to the active Pd(0) catalyst involves the participation of the silanolate 
(described in Chapter 7) (Figure 43).  Oxidative addition occurs using the aryl halide to produce a 
palladium(II) halide intermediate (1st order in [40j], step A). Displacement of the palladium 
bromide proceeds by a nucleophilic attack by an equivalent of Cs+110– and predicts a first order 
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dependence on Cs+110– (step B). Next, if the transmetalation is proceeding via a direct, 
unactivated process, than a 0th order behavior for Cs+110– should arise (step C).  Alternatively, 
either a 0th or 1st order behavior could result from an activation-limiting transmetalation step 
(step D). 
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Figure 43.  Proposed cross-coupling pathways for alkenylsilanolates 
turnover limiting step order for M+110– order for aryl halide 
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 However none of the scenarios described above contain an order for both Cs+110– and 40j 
together.  Therefore, two steps in the catalytic cycle must have similar rate constants and a small 
overlap is being observed.  Since it appears that one of those steps is likely the oxidative addition 
step (partial order in 117j), the more sterically hindered aryl iodide must undergo oxidative 
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addition to palladium slower at room temperature generating the partial order behavior.  At higher 
temperatures (40 °C), the order dependence on 117j was eliminated confirming the hypothesis of 
slow oxidative addition of the more sterically hindered aryl iodide.  However a partial order for 
Cs+110– still remained.  The most likely explanation is that the styrylsilanolate cross-coupling is 
proceeding via a rate-limiting transmetalation that proceeds via a 10-Si-5 intermediate.  To 
reconcile the partial order behavior, two limiting scenarios were envisioned: (1) the 
pretransmetalation intermediate is not completely saturated with Cs+88- and the saturation point 
was not reached at the concentrations used for these studies, or (2) both the activated and 
unassisted pathways are participating simultaneously with similar rate constants.  Because 
previous studies on the alkenylsilanolate cross-coupling using Pd(dba)2 demonstrated 0th order 
dependence for [silanolate] and these organonucleophiles are known to undergo transmetalation at 
room temperature without activation, then likely both pathways are operative.  Possibly, the 
increased nucleophilicity of the cesium silanolate opened the possibility for the activated 
pathway.  
To compare the results from these studies with the previously reported kinetic studies 
involving alkenylsilanolates,53 the rate equation for this cross-coupling was determined using the 
potassium salt.  The use of K+110– resulted in an identical rate equation as determined for the 
cross-coupling reaction of 1-heptenyl(dimethyl)silanolate where no rate effect was observed with 
increasing the concentration of silanolate.  Assuming that saturation kinetics were not reached 
using the less nucleophilic silanolate partner compared to the corresponding cesium silanolate, 
then this reaction is proceeding via a direct, thermal transmetalation solely. 
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Comparing the rates obtained from the catalytic reaction employing phosphine oxides to 
the generation of a subligated palladium complex using CuTC, a 1000-fold difference in rates was 
found compared to the experiments with arylpalladium arylsilanolates which resulted in only a 
1.5 fold difference.  The lower temperatures employed for the Cu-assisted transmetalation may 
decrease the rate of Cu-assisted deligation and therefore the nominal concentration of subligated 
palladium is smaller than expected.  In the end, the ability for the cross-coupling of alkenyl 
silanolates to proceed via an unactivated, direct transmetalation has been confirmed both through 
kinetic studies and the isolation of stabilized complexes.   
 
6.6. Conclusions 
A detailed mechanistic picture can now be formulated from the various studies that have 
been conducted.  On the basis of all of the data, the cross-coupling of organosilanolates can be 
broken down into two major categories: 
1. Alkenylsilanolates 
The cross-coupling of alkenylsilanolates which commonly employ weakly binding 
ligands (dba), proceed solely by a direct transmetalation pathway via a 8-Si-4 intermediate.  The 
dramatic rate enhancement observed in these subligated reactions may be a net result of the 
electrophilicity at the palladium center and the lower activation barrier of the olefin-derived 
transferable group compared to coupling reactions involving arylsilanolates.  However, the 
activation pathway can become competitive when the more nucleophilic cesium salt is used.  
Therefore, the transmetalation proceeds both by a direct 8-Si-4 intermediate, but also via a 10-Si-
5 species. 
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2. Arylsilanolates 
 Because the transmetalation of arylsilanolate requires disruption of the aromatic system 
in the transfer process, these coupling reactions generally proceed via the hypervalent siliconate 
intermediate (10-Si-5).  Although the thermal pathway can be an operative mechanism for this 
class of organosilanolates, the activation barrier is greater for this process.  The isolation and 
characterization of the arylpalladium(II) arylsilanolate complexes has confirmed that these 
species are the reactive intermediates in the catalytic process.  However, the thermal 
transmetalation may become the dominant pathway in the absence of strongly binding ligands 
such as phosphines. 
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Chapter 7.  The Reduction Pathway of Allylpalladium Chloride Dimer Via Allyloxysilane 
Formation 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
 
7.1. Introduction 
7.1.1. Allylpalladium(II)chloride Dimer (APC) 
Since its initial discovery in 1959, allylpalladium(II) chloride dimer (APC, 
[(C3H5PdCl)]2) has been widely employed in many catalytic reactions as a palladium(0) 
precursor.143  APC was initially used stoichiometrically as an electrophile for transfer of an allyl 
group to carbon nucleophiles such as malonate anions and enamines to provide allylated 
products.144  This fundamental process has since been extended to the use of APC as a catalyst in 
the presence of chiral ligands to promote asymmetric allylic alkylation.145  Other synthetic 
transformations that have used APC as a precatalyst include: (1) enantioselective hydrosilylation 
of olefins,146  (2) carbostannylation of alkynes,147  and (3) a variety of cross coupling reactions148  
(Scheme 52). 
APC is useful from a preparative standpoint because the catalyst is commercially 
available and is a stable crystalline solid.  APC is easily stored and is fairly insensitive to air and 
moisture compared to other palladium catalysts such as tetrakis(triphenylphosphine)palladium 
(0), which slowly decomposes if not stored cold away from light and moisture.  For Pd(0) 
processes, APC serves as a precatalyst and requires some reductive pathway to enter the active 
catalytic cycle for cross-coupling, to create a Pd(0) species in situ. 
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7.2.  Background 
7.2.1. Reduction Pathways of Common Palladium(II) Precatalysts 
In many palladium-catalyzed reactions, the Pd(II) complex that is charged into the 
reaction must be reduced to a catalytically active Pd(0) species to initiate the Pd(0) / Pd(II) cycle. 
Each of these catalyst systems use different reaction conditions including ligands, solvents, bases 
and other additives which can influence the reductive pathway of Pd(II) precatalysts to a Pd(0) 
species.  The reduction of select Pd(II) complexes and salts to active Pd(0) catalysts has been 
studied in depth.149   For examples, tetrakis(triphenylphosphine)palladium(0) Pd(PPh3)4 is 
prepared by treating PdCl2 with hydrazine in the presence of triphenylphosine.150  Palladium(II) 
acetate is readily reduced to Pd(0) in the presence of common phosphine ligands with 
concomitant formation of phosphine oxides (Schemes 53a).105b,105d,105e  In addition, secondary or 
tertiary amines are capable of reducing Pd(II) sources to Pd(0) providing aldehydes as the 
           
162 
oxidized compound from direct formation of the imine (Scheme 53b).151  Other heteroatom 
nucleophiles such as hydroxide, alkoxide, fluoride and even water have been shown to assist in 
this reduction as well.152  Potassium tert-butoxide has been shown to act as a nucleophile in 
forming N-heterocyclic carbene Pd(0) species through formation of allyl ethers (Scheme 53c).153  
Finally, even hydrosilanes have been employed for the reduction of APC in cross-coupling 
reactions reported from these laboratories.154  Carbon nucleophiles, such as malonate anions, can 
also reduce APC to a Pd(0) species by direct attack on the allyl group providing allylated 
compounds and inorganic salts.  The process is greatly facilitated by splitting APC into 
mononuclear complexes in the presence of phosphine ligands.155  
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7.3. Research Objectives 
The development of silicon-based cross-coupling reactions as practiced in these 
laboratories has made extensive use of APC as a Pd(0) precursor.54  The cross-coupling of 
alkenylsilanols,69 α-alkoxyalkenylsilanols,95 arylsilanols,64 and cyclic silyl ethers154 all use APC 
as the Pd source under different reaction conditions. The cross-coupling of alkenylsilanols 
employs APC without the need for external ligands in the presence of n-Bu4NF⋅3H2O.95,156  
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Under these reaction conditions, the presence of the fluoride or water from the TBAF may serve 
to reduce the Pd(II) catalyst to Pd(0) similar to the mechanism depicted in Scheme 53c.105b  
However, in the coupling of arylsilanols, cesium carbonate is used in conjunction with a 
phosphine or arsine additive.64b  Furthermore, advances from these laboratories have introduced 
the use of preformed silanolates to promote cross-coupling reactions, also in the absence of 
ligands.68c  Therefore, the nature of the reduction pathway for APC using alkali metal silanolates 
as the coupling partners remains unanswered.  A full understanding of the mechanistic aspects of 
the silicon-based cross-coupling reaction may help to serve as a basis for further preparative 
developments.  As described in the previous chapter (Chapter 6), the isolation of stable 
arylpalladium(II) silanolates and the corresponding reactivity of these complexes demonstrated 
the important role of ligands.  The study to determine the reductive pathway of APC under 
preparative conditions developed for the cross-coupling of silanols was undertaken to help 
complete the full mechanistic picture of these reactions.  Also, having employed complexes 
derived from APC (Figure 44) for the determination of mechanism of the cross-coupling of 
arylsilanolates was crucial in explaining deviations in the kinetic data obtained. 
P
Pd
P Cl
Ph Ph
PhPh
128
 
Figure 44.  Complex derived from [(C3H5)PdCl]2 and 1,3-(diphenylphosphino)propane (dppp) 
 
To elucidate the reduction pathway of APC under preparative conditions would require 
the isolation any organic side products and Pd complexes formed to identify what components 
are active in the catalytic cycle.  Initial efforts focused on investigating the fate of the ligand 
under the established reactions conditions (Cs2CO3 + 3 H2O (2 equiv), APC (5 mol %), dppb 
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(1,4-bis(diphenylphosphino)butane, 10 mol %), toluene, 90 °C). Attempts to isolate the ligand 
following the cross-coupling reaction provided a mixture of products including recovered dppb 
as well as the oxidized forms (dppbO and dppbO2) in varying ratios.157  The ambiguity of these 
results forced the consideration of other possibilities for the reduction. Therefore, the use of pre-
formed potassium (phenyl)dimethylsilanolate (K+85–) under anhydrous conditions was studied to 
eliminate the action of water as a possible reducing agent. Current investigations still focused on 
the fate of the ligand in attempts to determine if the system developed in these laboratories was 
similar to other systems in which the oxidation of the ligand was the cause for reduction of the 
Pd(II) precatalyst. 
 
7.4. Results 
7.4.1. Oxidation of the Bidentate Ligands 
The fate of the ligand was initially studied to establish if any oxidation was occurring.  
These studies involved isolation of the organic products from the reaction of K+85– (1.0 equiv) 
with APC (0.05 equiv) and dppb (1.0 equiv) in toluene at room temperature (Scheme 54).  
Following many attempts, the only ligand-derived product was 1,4-
bis(diphenylphosphino)butane bis-oxide (dppbO2) indicating oxidation occurring on both 
phosphorus atoms of the ligand even at room temperature. 
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However, these results were puzzling as both silanol 85 and disiloxane 139 were also 
isolated as the silicon-containing products suggesting a different source of the oxygen atoms for 
the oxidation.  Oxidation of the ligand could be occurring during isolation, therefore the reaction 
was repeated using oxygen free conditions.  Surprisingly, even under these anhydrous, oxygen 
free conditions, oxidation was observed and the major product again was dppbO2.  This result 
prompted the investigation into the ability for silanolates to act as oxidizing agents for 
phosphines.  When K+85– (1.0 equiv) was stirred with dppb (0.5 equiv) in toluene at room 
temperature and even elevated temperatures (90 °C) no oxidation of the ligand was observed and 
dppb was recovered in near quantitative yields.  This outcome leaves the possibility that 
palladium may be serving as a participant in the oxidation, but its role could not be directly 
confirmed.  The objective was then modified towards investigating the transformation of APC 
under these conditions and identifying the fate of the precatalyst by searching for the end 
products containing the chloride and allyl group.  
 
7.4.2. The Formation of Allyloxysilanes  
Following the problems encountered with isolation of the ligand in the previous 
experiment, the reaction from Scheme 54 was repeated and the crude material was analyzed 
immediately.  After stoichiometric complexation of [allylPdCl]2 with dppb, the addition of 
preformed K+85– afforded a new organic product in addition to copious amounts of palladium 
black.  Careful inspection of the 1H NMR spectrum showed signals consistent with the formation 
of an allyl ether. Following isolation and purification, the corresponding allyloxysilane 130 was 
identified (Scheme 55). This experiment led to the conclusion that the silanolate was acting as a 
nucleophile, and was attacking the allyl group of APC to give Pd(0) species. 
           
166 
Scheme 55 
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To establish the generality of this reduction pathway, a series of potassium silanolates 
was surveyed and the results are summarized in Table 25.  The reactions were conducted with 
the palladium complex formed by stirring APC and dppb in toluene at room temperature which 
produced a white precipitate.  The white solid was later determined to be the neutral bidentate η1-
allyl complex as described by Jutand, et. al.158  Following addition of the silanolate, the reaction 
mixture immediately darkened to a yellow color. The conversion to the allyloxysilane was 
monitored by GC analysis using an internal standard. The formation of the corresponding phenyl 
130 and 4-methoxyphenyl(allyloxysilane) 132 (Table 26, entries 1 and 3) was extremely rapid 
requiring only 5 min to reach 100% conversion at room temperature. The more bulky 1-
naphthylsilanolate (K+52–) reacted more slowly reaching only 61% conversion in 5 min and 
requiring 45 min to reach 88%. A similar result was observed with the (E)-1-heptenylsilanolate 
(K+37–), which reacted more slowly than the phenyl silanolate. Though no quantitative kinetic 
studies were performed, the bulkier aromatic and long chain aliphatic silanolates were less 
reactive.  Finally, the electron poor 4-trifluoromethylphenylsilanolate (K+51–) gave an 
inconclusive result. The consumption of the silanolate was rapid, however only 33% of the 
expected allyloxysilane was found. The remainder of the mass was identified as the 
corresponding disiloxane.159 This unusual result will be addressed in a discussion of the 
mechanistic implications of these discoveries. 
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Table 26: Substrate Scope on the Reduction of APC to Form Allyloxysilanes 
Si
O-K+
H3C CH3
+   APC (0.5 equiv)   +   dppb (1.0 equiv)
toluene, rt Si
O
H3C CH3
130-134K+XX–  
entry product  conversion, %, 
5 min 
completion 
time, min 
conversion, 
%a 
 
1 
Si
O
 
 
130 
 
100 
 
5b 
 
100 
(79)c 
 
2 
Si
O
 
 
131 
 
23 
 
45d 
 
88 
 
3 
Si
O
MeO  
 
132 
 
100 
 
5e 
 
100 
 
4 
Si
O
F3C  
 
133 
 
28 
 
30d 
 
33f 
 
5 
Si
O
n
n = 3  
 
134 
 
69 
 
30e 
 
83 
a Yields based on GC conversion using an internal standard.  b Reaction was performed at 0.5 M.  
c Yield of isolated material.  d Reaction was performed at 0.4 M.  e Reaction was performed at 0.3 
M.  f Remaining mass balance is formation of disiloxane. 
 
7.4.3. The Role of Ligands on the Reduction of APC 
In recent years, a number of investigations have addressed the effect of ligand bite angle 
on the rate and selectivity of allylic alkylations.160 These findings may serve as a platform for 
evaluating the role of these bidentate ligands in the reduction of APC as well as preparative 
implications.  As the bite angle increases from dppe (1,2-bis(diphenylphosphino)ethane) to dppb, 
the turnover frequency increases dramatically in the allylic alkylation.160c  However, as the bite 
angle increases further through the use of the dppf (1,2-bis(diphenylphosphino)ferrocene), the 
turnover frequency drops because of unfavorable steric interactions between the phenyl groups 
of the ligand with the allyl group.161 
To examine if this bite angle effect could be observed in the reduction of APC, conditions 
were needed whereby the reaction was suitable for these studies (i.e. the Pd complexes must be 
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completely soluble). These conditions would allow for direct comparison of the various 
complexes kinetically without including a dissolution factor.  After a broad survey of solvents, 
dichloromethane was chosen, as all reagents were soluble and stable in this solvent. Initial 
studies were performed at room temperature using the preformed dppb complex 135. The 
reduction of APC was instantaneous upon addition of a solution of K+85– (Table 27). To 
facilitate useful comparisons, both the temperature and the concentration of the reaction were 
decreased.  Surprisingly, even at 0.01 M and 0 °C the reduction was complete within 1 min.  The 
temperature of the reaction was even decreased to -78 °C producing similar results, but 
conclusive evidence for reduction at this temperature cannot be verified as temperature increases 
during sampling are variable.  The results of reduction of complexes of other bidentate 
phosphines are shown in Table 27.  It was found that, independent of the ligand used in the pre-
formed complex, the reduction was rapid and quantitative.  Further, APC was not reduce in the 
absence of ligands at room temperature (Table 27, entry 1) which is consistent with literature 
reports.155  
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Table 27. Effect of Ligand on the Reduction of APC using Silanolates 
Si
O-K+
H3C CH3
CH2Cl2 (0.01 M)
0 °C
Si
O
H3C CH3
Pd
P Cl
P
+
135-138K+85– 130  
entry ligand complex time, 
min 
conversion, 
%a 
 
1 
 
no ligandb 
 
 
 
5 
 
NRc 
 
2 
 
Ph2P
PPh2
 
 
136 
 
1 
 
86 
 
3 
 
Ph2P PPh2  
 
137 
 
2 
 
96 
 
4 
 
Ph2P
PPh2
 
 
 
135 
 
1 
 
100 
 
 
5 
 
Fe
PPh2
PPh2  
 
 
138 
 
1 
 
100 
a Yields based on GC conversion using an internal standard  b [C3H5PdCl]2  c 
Reaction was performed at rt 
 
7.4.4. Counter-ion Effects of the Silanolate 
 Previous studies from these laboratories investigated the effect of the various carbonate 
bases in the cross-coupling of arylsilanols and found the cesium salts were the most effective.64b  
Each of the alkali-metal silanolates of 39 was independently prepared and the relative rates of 
cross-coupling were compared.64b  The corresponding potassium, cesium and rubidium metal 
silanolates reacted at similar rates, the slower rate with the sodium silanolate was merely 
attributed to poor solubility.  To establish if the metal counter ion would have an effect on the 
reduction of the APC complexes, alkali-metal silanolates of 85 were prepared and compared 
their competence in this reduction. Having already demonstrated the rapid reduction of the dppb 
complex using the potassium silanolate K+85–, it was not surprising that both the rubidium Rb+85 
and cesium silanolates Cs+85– also reduced the dppb complex 135 almost instantaneously. 
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However, the sodium silanolate Na+85– reacted slower compared to the other metal silanolates 
(Table 28).  This result is consistent with the expected trend in the nucleophilicity of the different 
metal silanolates.107  The preparative implications from these results indicate that no major 
advantage would come from the use of a cesium silanolate over the corresponding potassium 
silanolate. 
Table 28: Counter Ion Effect on the Reduction of the Neutral dppb-η1-Allyl Complex 
Si
O-M+
H3C CH3
CH2Cl2 (0.01 M)
0 °C
Si
O
H3C CH3
+
P
P
Pd
Cl
Ph Ph
Ph Ph
M+85–                             135                                                                  130  
entry counter ion (M+)  time, 
min 
conversion, %a 
 
1 
 
Nab 
  
1 
 
10 
 
61 
 
94 
 
2 
 
K 
  
1 
 
100 
 
3 
 
Rb 
 
  
1 
 
99 
 
4 
 
Cs 
 
  
1 
 
99 
a Yields based on GC conversion using an internal standard b 
All arylsilanolates were completely soluble in CH2Cl2 
 
7.5.  Discussion 
7.5.1. Mechanistic Insight 
The complexes derived from the reaction of APC with a variety of ligands has provided 
useful insights into the reactivity of these compounds.158,162 As early as 1964, it was observed 
that these complexes were η1-allylPd(II)ClL2 and that the neutral complexes exist in rapid 
metallotropic equilibrium in solution.162a  This behavior was contrary to earlier suppositions that 
the complexes were cationic Pd(II) species. The relative reactivity of the cationic complexes and 
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the neutral Pd complexes were later evaluated and it was determined that the cationic complexes 
react more rapidly.162b The decreased reactivity of the neutral complexes was subsequently 
confirmed by Jutand and co-workers who showed that, in the presence of chloride ions, neutral 
complexes are formed from cationic Pd species.158  The structure of the neutral bidentate 
L2Pd(allyl)Cl complexes was determined to be η1 by X-ray crystal structure analysis which 
clearly shows the σ bonding (Pd-C) of the allyl group.163 
From the current knowledge of the reactivity as well as solution and solid state structures 
of L2Pd(allyl)Cl complexes, mechanistic picture for the reduction can be formulated.  There are 
four limiting pathways by which the allyloxysilane may be formed by considering the 
permutations of external or internal attack of the silanolate on the neutral or cationic complexes 
(Figure 45).  Direct attack by the silanolate at the palladium center displacing a chloride ion on 
the neutral complexes (path I) or the cationic complex (path II) generates the palladium(II) 
silanolate complex 8.  This complex must undergo reductive elimination at room temperature 
(path V) to form the observed allyl silyl ether 130 and Pd(0). Alternatively, attack of K+85– on 
the σ-bound allyl group (path III) or the π-bound allyl group (path IV) leads directly to the 
formation of 130 with concomitant generation of Pd(0). Although none of these pathways can be 
immediately disproven, some prior knowledge of the types of systems can be useful.  First, 
studies on the reaction of arylpalladium alkoxides have shown that the reductive elimination to 
form C-O bonds is slow and generally requires elevated temperatures therefore disfavoring the 
paths involving attack at palladium.164  Second, although it has been established that the cationic 
complex is a more reactive electrophile than the neutral complex, the use of fairly non-polar 
solvents would disfavor the cationic form.  Further, as the cationic complex, the allyl group 
would appear to be more shielded from attack by the silanolate compared to the σ-bound 
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complex.  These findings would lead to suggest that path IV to be the course of reduction. 
Ph2P
Pd
PPh2
Cl
Ph2P
Pd
PPh2
+ Cl-
Ph2P
Pd
PPh2
OMe2SiPh
PhSiMe2O
PhSiMe2OK
attack at Pd
attack at allyl
attack at Pd
attack at allyl
PhSiMe2OK
I
II
III
IV
V
130
135
139
140
 
Figure 45.  Possible mechanistic pathways for the reduction of APC using organosilanolates 
 
However, any mechanism for the reduction of APC may need to account for the 
formation of disiloxane from K+51–. The simplest explanation, that the disiloxane is generated by 
attack of K+51– on the allyl silyl ether 133, could be easily disproven by a control experiment, 
which clearly demonstrated that this pathway is not operative (in the absence of Pd) (Scheme 
56). Alternatively, attack of silanolate K+51– on the palladium silanolate could also generate 131 
with formation of a palladium alkoxide. This pathway would not constitute reduction to Pd(0) 
and therefore could not contribute to the catalytic cycle.  Another explanation could involve the 
oxidation of the bidentate ligands under the reaction conditions whereby one of the oxygen 
atoms is transferred to the phosphorus atom with simultaneous formation of disiloxane.  Though 
there is no evidence for this theory, it cannot be exclusively ruled out. 
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Scheme 56 
Si
O-K+
Si
O+
F3CF3C
toluene, rt
NR
K+51–                                             133  
 
7.6. Conclusions 
In summary, we have definitively established that the reduction of APC in the presence 
of alkali metal silanolates proceeds via the formation of allyloxysilanes. This conclusion has 
preparative significance because an active Pd(0) species can be generated independent of 
substrate, ligand, and counter ion of the silanolate.  Further, recognition that an equal amount of 
the silanolate compared to catalyst loading is consumed through this process forces the use of 
additional amounts of the organosilicon nucleophile.  The ability to reduce APC using alkali-
metal silanolates also alleviates the need to consume precious phosphine ligands simply to 
reduce palladium(II) precatalysts. 
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Chapter 8. Experimental 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
8.1.  General Experimental 
All reactions were performed in oven (140 °C) and/or flame dried glassware (including 
NMR tubes for kinetic experiments) under an atmosphere of dry nitrogen or argon, unless noted. 
Reaction solvents tetrahydrofuran (Fisher, HPLC grade) and diethyl ether (Fisher, BHT 
stabilized ACS grade) were dried by percolation through two columns packed with neutral 
alumina under a positive pressure of argon. Reaction solvents hexanes (Fisher, OPTIMA grade) 
and toluene (Fisher, ACS grade) were dried by percolation through a column packed with neutral 
alumina and a column packed with Q5 reactant, a supported copper catalyst for scavenging 
oxygen, under a positive pressure of argon.  Reaction solvent dioxane was distilled over sodium 
prior to use.  Reaction solvents tert-butanol, benzotrifluoride, NMP and pyridine were distilled 
form CaH2 prior to use.  Reaction solvent DMF was purchased from Acros containing 50 ppm 
water stored over 4 Å mol. sieves. Reaction solvent acetone (Aldrich) was dried over 4 Å 
molecular sieves prior to use.  Solvents for filtration and chromatography were certified ACS 
grade. “Brine” refers to a saturated solution of sodium chloride. All reaction temperatures 
correspond to internal temperatures measured with Teflon coated thermocouples unless 
otherwise noted.  
1H and 13C NMR spectra were recorded on a Varian Unity 500 (500 MHz, 1H; 126 MHz, 
13C) or a Varian VXR (500 MHz, 1H; 126 MHz, 13C) spectrometer.  Spectra were referenced to 
residual chloroform (7.26 ppm, 1H; 77.0 ppm, 13C).  Chemical shifts are reported in ppm, 
multiplicities are indicated by s (singlet), d (doublet), t (triplet), q (quartet), p (pentet), h (hextet), 
m (multiplet) and br (broad).  Coupling constants, J, are reported in Hertz. All assignments are 
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corroborated by 2D experiments (COSY, HETCOR). Spectra are available on request from 
sdenmark@illinois.edu. Elemental analyses were performed by the University of Illinois 
Microanalytical Service Laboratory.  Mass Spectrometry was performed by the University of 
Illinois Mass Spectrometer Center.  Electron Impact (EI) spectra were performed on a Finnegan- 
MAT C5 spectrometer. Data are reported in the form of m/z (intensity relative to the base peak = 
100). Infrared spectra (IR) were recorded on a Perkin Elmer Spectrum BX spectrophotometer in 
NaCl cells (film) or as a KBr plate. Peaks are reported in cm-1 with indicated relative intensities: 
s (strong, 67-100%); m (medium, 34-66%), w (weak, 0-33%). Kugelrohr distillations were 
performed on a Büchi GKR-50 Kugelrohr and boiling points correspond to uncorrected air bath 
temperatures (ABT). Melting points were obtained in a vacuum-sealed capillary tube using a 
Thomas Hoover melting point apparatus and are corrected.  Analytical thin-layer 
chromatography was performed on Merck silica gel plates with QF-254 indicator.  Visualization 
was accomplished with UV (254). Column chromatography was performed using 230-400 mesh 
silica gel purchased from Silicycle.   
1-Iodonaphthalene, 2-bromoanisole, 4-bromobenzotrifluoride, 4-fluorobenzene, 
dibenzothiophene, benzofuran, 4-bromotoluene, 2-bromotoluene, 3-bromoquinoline, 
chlorobenzene, 4-chlorotoluene, 2-chlorotoluene, 4-bromo-tert-butylbenzene, 3-bromopyridine, 
3-bromobenzothiophene, 4-chlorobenzotrifluoride, 3-chloropyridine, and 2,6-
dimethylchlorobenzene were purchased from Aldrich and distilled prior to use.  4-
bromonitrobenzene, 4-bromobenzonitrile and 4-chlorobenzonitrile were purchased from Aldrich 
and recrystallized from EtOH prior to use.  4-bromophenol (Aldrich) was purified by sublimation 
at 55 °C (0.1 mmHg) prior to use.  NaH and KH (Aldrich, 30% in mineral oil) was washed 
repeatedly with hexanes and dried in vacuo prior to use.  n-Butyllithium (Aldrich, 1.6 M in 
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hexane) and tert-butyllithium (Aldrich, 1.7 M in pentane) was titrated prior to use by the method 
of Gilman.165 Hexamethylcyclotrisiloxane (D3) (Gelest), 2-(dimethylamino)ethanethiol 
hydrochloride (Aldrich), 4-iodoanisole (Aldrich), 3-bromoanisole (Aldrich), 4-bromo-N,N-
dimethylaniline (Aldrich), 4-bromochlorobenzene (Aldrich), 2,6-dichlorobenzene (Aldrich), 
triphenylphosphine oxide (Aldrich), 1,3-diphenylphosphinopropane (Organometallics), 
PdCl(C3H5)(Ii-Pr) (Aldrich), (Ph3P)4Pd (Strem), triphenylarsine (Aldrich), S-Phos (Strem), t-
Bu3P (Strem), t-Bu3P·HBF4 (Aldrich),  (t-Bu3P)2Pd (Aldrich)99a, and 2-bromo-6-
methoxynaphthalene (Aldrich) were used as received. 
 
8.2.  Literature Procedures 
Allylpalladium(II)chloride dimer,166 1,3-bis(diphenylphosphino)butane monoxide,167 1,3-
bis(diphenylphosphino)butane dioxide,168 1,1’-bis(diphenylphosphino)ferrocene dioxide,168 tert-
butyl 4-bromobenzoate,169 (4-methoxyphenyl)dimethylsilanol,170 (1-naphthyl)dimethylsilanol,64b 
2-(4-bromophenyl)-[1,3-dioxolane],171 2-(4-(dimethylsilyl)phenyl)-[1,3-dioxolane],172 (4-N,N-
dimethylaminophenyl)dimethylsilane,173 (4-trifluoromethylphenyl)dimethylsilanol,174 (4-
fluorophenyl)dimethylsilanol,175 (2,6-dichlorophenyl)dimethylsilane,176 tert-butyl 4-
bromobenzoate,169 cesium (4-methoxyphenyl)dimethylsilanol,64b Pd(dba)2,177 58,178 and 68179 
were prepared by literature methods. 
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8.3. Chapter 2 Procedures 
Preparation of Starting Materials 
General Procedure I: Preparation of Alkali-Metal Aryl Silanolates Using Metal Hydrides. 
Potassium (4-methoxyphenyl)dimethylsilanolate (K+39–). 
H3CO
Si
OH
H3C CH3
+ KH
H3CO
Si
O–K+
H3C CH3
1'
2
3
1''
K+39–
 
 To a suspension of KH (882 mg, 22.0 mmol, 1.3 equiv) in THF (30 mL) in a flame-dried, 
50-mL scintillation flask equipped with a 3-way argon adapter was added (4-
methoxyphenyl)dimethylsilanol 39 (3.08 g, 16.9 mmol, 1.0 equiv) as a solution in THF (9.0 mL) 
dropwise over 5 min.  The resulting mixture was stirred for 15 min further, and then was filtered 
through a medium-porosity fritted funnel into a preweighed one-necked flask fitted with a 
vacuum stopcock adaptor. The flask was removed from the dry box and the solvent evaporated in 
vacuo to give a semi-solid. The residue was transferred back into the dry box and was washed 
with dry hexane (5 mL) and filtered through a medium-porosity fritted funnel. The collected 
solids were further washed with dry hexane (3 x 5 mL). The solids were placed in a flame-dried, 
15-mL recovery flask equipped with a vacuum stopcock adaptor and any excess volatiles were 
removed in vacuo to give 3.04 g (81 %) of K+39– as an off-white solid. 
Data for K+39–: 
 1H NMR:      (500 MHz, d8-THF) 
  7.45 (d, 2 H, J = 8.5 Hz), 6.79 (d, 2 H, J = 8.3 Hz), 3.72 (s, 3 H), 0.05 (s, 6 H). 
13C NMR:  (126 MHz, d8-THF) 
160.3, 141.2, 134.8, 113.7, 55.0, 4.1 
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1-Bromo-4-butoxybenzene (40f)180  
Br
O
2
3
1'
2'
3'
4'
40f
Br
OH
+
Br
K2CO3, acetone
 
 In a 100-mL, 1-necked, round-bottomed flask containing a magnetic stir bar equipped 
with a reflux condenser and argon inlet, 4-bromophenol (3.65 g, 21.1 mmol, 1.6 equiv) and 
potassium carbonate (5.46 g, 39.5 mmol, 3.0 equiv) were combined.  Dry acetone (44 mL) was 
added resulting in a white, heterogeneous mixture followed by 1-bromobutane (1.4 mL, 1.80 g, 
13.2 mmol, 1.0 equiv).  The reaction mixture was vigorously stirred and heated to reflux.  After 2 
d, the mixture was cooled to rt and filtered through a medium porosity fritted funnel.  The solids 
were washed with acetone (30 mL) and the combined filtrate was concentrated in vacuo.  The 
residual oil was dissolved in CH2Cl2 (40 mL) and was washed with 3 N NaOH (2 x 10 mL), H2O 
(30 mL), brine (30 mL) and dried (MgSO4).  The combined organics were concentrated in vacuo 
and purified by short-path distillation to afford 2.28 g (75 %) of 40f as a colorless oil. The 
spectroscopic data matched those from the literature.181  
Data for 40f: 
  mp: 79-80 °C (0.3 mmHg) 
 1H NMR:      (500 MHz, CDCl3) 
  7.36 (d, 2 H, J = 9.0 Hz, HC(2)), 6.78 (d, 2 H, J = 9.0 Hz, HC(3)), 3.92 (t, 2 H, J 
= 6.6 Hz, HC(1’)), 1.76 (tt, 2 H, J1 = 6.6 Hz, J2 = 7.3 Hz, HC(2’)), 1.49 (tq, 2 H, 
J1 = 7.3 Hz, J2 = 7.6 Hz, HC(3’)), 0.98 (t, 3 H, J = 7.6 Hz, HC(4’)) 
 13C NMR: (126 MHz, CDCl3) 
  158.2 C(4), 132.1 C(3), 116.2 C(2), 112.5 C(1), 67.9 C(1’), 31.2 C(2’), 19.2 
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C(3’), 13.8 C(4’)  
 MS: (EI, 70eV) 
  230 (20), 228 (M+, 21), 174 (97), 172 (100), 93 (8), 65 (12), 57 (16) 
 TLC: Rf  0.38 (hexanes/CH2Cl2, 6/1) [silica gel, UV (256)] 
 
3-Bromobenzyl Triethylsilyl Ether (40h) 
Br
O
Si
2
4
5
6
7
1'
2'
40h
Br
OH +   Et3SiCl
 
 In a flame-dried, 50-mL, 2-necked, round-bottomed flask containing a magnetic stir bar 
equipped with a argon inlet and a septum, pyridine (0.61 mL, 597 mg, 7.50 mmol, 1.5 equiv) and 
dry CH2Cl2 (25 mL) were combined.  3-Bromobenzyl alcohol (0.60 mL, 935 mg, 5.00 mmol, 
1l.0 equiv) was added followed by dropwise addition of triethylchlorosilane (0.92 mL, 829 mg, 
5.50 mmol, 1.1 equiv).  The reaction was stirred at rt under argon. After TLC analysis showed 
complete consumption of the benzyl alcohol, the reaction was subjected to an aqueous work-up.  
The reaction solution was washed with H2O (2 x 25 mL) and the combined aqueous layers were 
extracted with CH2Cl2 (25 mL).  The combined organics were washed with brine (25 mL) and 
dried (Na2SO4).  The solvents were removed in vacuo to give a light yellow oil.  Purification by 
column chromatography (SiO2, 30 mm x 14 cm, hexane/EtOAc , 40/1) followed by Kugelrohr 
distillation afforded 1.46 g (97 %) of 40h as a clear, colorless oil. 
Data for 40h: 
  bp: 140 °C (ABT, 0.1 mmHg) 
 1H NMR:      (500 MHz, CDCl3) 
  7.50 (s, 1 H, HC(2)), 7.38 (d, 1 H, J = 7.9 Hz, HC(6)), 7.26 (d, 1 H, J = 7.5 Hz, 
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HC(4)), 7.20 (t, 1 H, J = 7.7 Hz, HC(5)), 4.71 (s, 2 H, HC(7)), 0.99 (t, 6 H, J = 8.0 
Hz, HC(2’)), 0.66 (q, 9 H, J = 8.0 Hz, HC(1’)) 
 13C NMR: (126 MHz, CDCl3) 
  143.7 C(3), 130.0 C(2), 129.8 C(5), 129.2 C(6), 124.6 C(4), 122.4 C(1), 63.9 
C(7), 6.7 C(2’), 4.4 C(1’) 
 IR: (KBr) 
 3059 (w), 2950 (s), 2904 (s), 2868 (s), 1927 (w), 1863 (w), 1597 (m), 1568 (s), 
1457 (s), 1426 (s), 1411 (s), 1364 (s), 1235 (s), 1196 (s), 1108 (s), 1077 (s), 1008 
(s), 971 (m), 873 (m), 811 (s), 770 (s), 739 (s) 
 MS: (EI, 70eV) 
  302 (0.5), 300 (M+, 0.5), 273 (100), 271 (98), 243 (18), 241 (15), 215 (11), 213 
(10), 192 (18), 171 (27), 169 (27), 135 (5), 90 (16), 59 (8) 
 TLC: Rf  0.29 (hexanes/CH2Cl2, 40/1) [silica gel, UV (256), CAN] 
   Analysis: C13H21BrOSi (301.29) 
 Calcd: C, 76.03; H, 7.09; Br, 26.52    
  Found:    C, 75.86;    H, 7.22;    Br, 26.75 
 
Determination of Response Factors for GC Analysis  
GC Method 1: Injections were made onto a Hewlett-Packard HP1 (30 m x 0.32 mm) 
capillary column.  Injector temperature was 250 °C; the detector temperature was 300 °C with a 
H2 carrier gas flow of 16 mL/min.  The column temperature program was as follows: 170 °C for 
5 min, 170 °C to 225 °C at 50 °C/min, hold at 225 °C for 2 minutes. Total run time 8.5 min.  
GC Method 2: Injections were made onto a Hewlett-Packard HP1 (30 m x 0.32 mm) 
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capillary column. Injector temperature was 250 °C; the detector temperature was 300 °C with a 
H2 carrier gas flow of 16 mL/min. The column temperature program was as follows: 150 °C for 2 
min, 150 °C to 250 °C at 50 °C/min, hold at 250 °C for 10 minutes. Total run time 8 min.  
GC Method 3: Injections were made onto a Hewlett-Packard HP1 (30 m x 0.32 mm) 
capillary column.  Injector temperature was 250 °C; the detector temperature was 300 °C with a 
H2 carrier gas flow of 16 mL/min.  The column temperature program was as follows: 170 °C for 
3 min, 170 °C to 250 °C at 50 °C/min, hold at 250 °C for 5 minutes. Total run time 9.6 min. 
Retention times (tR) were obtained using Agilent Chemstation software or a Hewlett-Packard 
3396 Series II Integrator. 
 
Response factors were obtained by equation 1 and are shown below: 
Eq 1:     Response factor for A =  (mmol A * area internal standard ) 
     (mmol internal standard * area A) 
 
mg of 41a Area of 41a mg of 
naphthalene 
Area of 
naphthalene 
 Response 
Factor 
7.4 913619 8.8 1630000  1.500 
7.4 903494 8.8 1648000  1.534 
7.4 903657 8.8 1634000  1.521 
8.2 910778 11.5 1897000  1.485 
8.2 913399 11.5 1917000  1.497 
8.2 918996 11.5 1918000  1.488 
8.2 169378 11.5 348287  1.466 
8.2 174443 11.5 360235  1.472 
8.2 173460 11.5 357565  1.470 
      
   AVG RF  1.493 
 
mmol of 41f Area of 41f mmol of 
naphthalene 
Area of 
naphthalene 
 Response 
Factor 
0.0277 30305 0.0928 60795  0.599 
0.0277 31283 0.0928 61905  0.591 
0.0277 31968 0.0928 61895  0.578 
0.0203 18511 0.144 76575  0.583 
0.0203 17104 0.144 73768  0.608 
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0.0203 17699 0.144 74870  0.596 
0.025 16702 0.0507 19714  0.582 
0.025 17944 0.0507 21714  0.597 
0.025 17688 0.0507 21211  0.591 
      
   AVG RF  0.592 
 
 
 
mmol of 41c Area of 41c mmol of 
naphthalene 
Area of 
naphthalene 
 Response 
Factor 
0.0421 16007 0.0827 24519  0.780 
0.0421 17655 0.0827 27246  0.786 
0.0421 21863 0.0827 32333  0.753 
0.0636 25264 0.104 30988  0.750 
0.0636 26864 0.104 33014  0.752 
0.0636 27202 0.104 33892  0.762 
0.0366 16193 0.105 34931  0.752 
0.0366 14660 0.105 31437  0.747 
0.0366 13424 0.105 29501  0.766 
      
   AVG RF  0.761 
 
mmol of 41j Area of 41j mmol of 
naphthalene 
Area of 
naphthalene 
 Response 
Factor 
0.0998 4157580 0.0974 4184310  1.054 
0.1001 5000900 0.0999 4698670  1.062 
0.0983 4701810 0.1010 4518390  1.069 
      
   AVG RF  1.061 
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General Procedure II: Cross-Coupling of Potassium Dimethyl(4-methoxyphenyl)silanolate 
with Aryl Bromides (Table 1). 
tert-Butyl 4'-methoxy-4-biphenylcarboxylate (41b) (Table 1, entry 1) 
H3CO
2'3'
O
O
CH3
CH3
CH3
2 3
5
2''3'' 1''
Br
O
O
CH3
CH3
CH3
+H3CO Si
CH3
CH3
OK
41b  
 In a dry box, an oven-dried, 5-mL, 1-necked, round-bottomed flask containing a magnetic 
stir bar equipped with a reflux condenser and a three-way argon inlet capped with a septum, APC 
(9 mg, 0.025 mmol, 2.5 mol %) and triphenylphosphineoxide (Ph3P(O), 14 mg, 0.05 mmol, 5 
mol %) were combined.  Dry, deoxygenated toluene (2.0 mL) and 4-bromo(tert-butyl)benzoate 
(257 mg, 1.0 mmol, 1.0 equiv) were added followed by potassium dimethyl(4-
methoxyphenyl)silanolate K+39– (286 mg, 1.3 mmol, 1.3 equiv).  The flask was closed-off to the 
atmosphere and transferred to a hood.  The reaction mixture was heated to 90 °C under argon.  
After TLC analysis showed complete consumption of the aryl bromide, the mixture was cooled 
to rt and subjected to an aqueous work-up.  The reaction mixture was poured onto H2O (10 mL) 
and was extracted with ethyl acetate (3 x 10 mL).  The organics were washed with brine (10 mL) 
and dried (MgSO4). The combined organics were concentrated in vacuo and the residue was 
purified by column chromatography (SiO2, 30 x 200 mm, CH2Cl2/hexanes, 1/1) followed by 
recrystallization from ethanol to afford 234 mg of 41b as analytically pure colorless plates. 
Data for 41b: 
  mp: 107-108 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  8.04 (d, 2 H, J = 8.8 Hz, HC(3)), 7.60 (d, 2 H, J = 8.8 Hz, HC(2)), 7.57 (d, 2 H, J 
= 8.8 Hz, HC(2’)), 7.00 (d, 2 H, J = 8.8 Hz, HC(3’)), 3.86 (s, 3 H, H3CO(3’’)), 
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1.62 (s, 9 H, H3C(2’’)) 
 13C NMR: (126 MHz, CDCl3) 
  165.7 C(5), 159.7 C(4’), 144.7 C(2’), 132.5 C(1), 130.1 C(1’), 129.9 C(3), 128.3 
C(2’), 126.3 C(2), 114.3 C(3’), 80.8 C(1’’), 55.3 C(3’’), 28.2 C(2’’), 
 IR: (KBr) 
 2979 (m), 2925 (m), 2827 (w), 1938 (w), 1892 (w), 1871 (w), 1709 (s), 1601 (s), 
1531 (m), 1497 (m), 1452 (m), 1372 (m), 1301 (s), 1170 (s), 1112 (s), 1037 (s), 
1015 (m), 833 (s), 774 (s), 698 (w) 
 MS: (EI, 70eV) 
  284 (M+, 4), 228 (100), 213 (21), 185 (21), 139 (12), 117 (9), 91 (6) 
 TLC: Rf  0.30 (hexanes/CH2Cl2, 2/1) [silica gel, UV (256, 366)] 
 Analysis: C18H20O3 (284.35) 
 Calcd: C, 76.03;  H, 7.09    
 Found: C, 75.86; H, 7.22 
 
4-Chloro-4’methoxybiphenyl (41c) (Table 1, entry 2) 
H3CO
2'3'
Cl
2 3
Br Cl+H3CO Si
CH3
CH3
OK
1''
41c  
Following General Procedure II, APC (18 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (28 mg, 
0.05 mmol, 5 mol %), toluene (4.0 mL), 4-chlorobromobenzene (383 mg, 2.0 mmol, 1.0 equiv) 
and K+39–  (573 mg, 2.6 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 45 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 40 mm x 200 mm, hexanes/CH2Cl2, 6/1) followed by recrystallization 
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afforded 350 mg (80%) of 41c as colorless plates.  The spectroscopic data matched those from 
the literature.182 
Data for 41c: 
  mp: 113-114 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  7.49 (app t, 4 H, J = 8.5 Hz, HC(2’), HC(3)), 7.39 (d, 2 H, J = 8.6 Hz, HC(2)), 
6.99 (d, 2 H, J = 8.8 Hz, HC(3’)), 3.86 (s, 3 H, H3CO(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  159.3 C(4’), 139.2 C(2’), 132.6 C(1), 132.4 C(1’), 128.8 C(4), 128.0 C(2), 127.9 
C(3), 114.3 C(3’), 55.3 C(1’’) 
 MS: (EI, 70eV) 
  220 (34), 218 (M+, 100), 205 (15), 203 (49), 177 (12), 175 (38), 149 (9), 139 (15), 
76 (3), 63 (4) 
 TLC: Rf  0.39 (hexanes/CH2Cl2, 4/1) [silica gel, UV (256)] 
 
4-Methoxybiphenyl (41d) (Table 1, entry 3) 
H3CO
23 2' 3'
Br H+H3CO Si
CH3
CH3
OK
1''
4'
41d  
  Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (14 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 4-bromobenzene (105 µL, 1.0 mmol, 1.0 equiv) and 
K+39–  (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 30 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 200 mm, hexanes/CH2Cl2, 5/1) followed by recrystallization 
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afforded 133 mg (80%) of 41d as white granules.  The spectroscopic data matched those from 
the literature.64b  
Data for 41d: 
mp: 88-89 °C (EtOH) 
1H NMR:      (500 MHz, CDCl3) 
  7.57-7.59 (m, 2 H, HC(2’)), 7.56 (d, 2 H, J = 8.8 Hz, HC(2)), 7.44 (t, 2 H, J = 7.3 
Hz, HC(3’)), 7.33 (t, 1 H, J = 7.3 Hz, HC(4’)), 7.01 (d, 2 H, J = 8.8 Hz, HC(3)), 
3.87 (s, 3 H, H3CO(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  159.1 C(4), 140.8 C(1’), 133.7 C(3’), 128.7 C(1), 128.1 C(2), 126.7 C(2’), 126.6 
C(4’), 114.1 C(3), 55.3 C(1’’) 
 TLC: Rf  0.37 (hexanes/CH2Cl2, 4/1) [silica gel, UV (256)] 
 
4’-Methoxy-4-methylbiphenyl (41e) (Table 1, entry 4) 
H3CO
2'3'
CH3
2 3
Br CH3+H3CO Si
CH3
CH3
OK
1''
41e  
  Following General Procedure II, APC (15 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (23 mg, 
0.05 mmol, 5 mol %), toluene (3.3 mL), 4-bromotoluene (282 mg, 1.7 mmol, 1.0 equiv) and 
K+39–  (473 mg, 2.1 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 35 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 200 mm, hexanes/CH2Cl2, gradient 6/1 to 4/1) followed by 
recrystallization afforded 207 mg (63%) of 41e as colorless plates.  The spectroscopic data 
matched those from the literature.64b  
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Data for 41e: 
  mp: 109-110 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  7.54 (d, 2 H, J = 8.8 Hz, HC(2)), 7.48 (d, 2 H, J = 8.0 Hz, HC(2’)), 7.26 (d, 2 H, J 
= 8.0 Hz, HC(3)), 6.99 (d, 2 H, J = 8.8 Hz, HC(3’)), 3.87 (s, 3 H, H3CO(1’’)), 
2.41 (s, 3 H, H3C(5)) 
 13C NMR: (126 MHz, CDCl3) 
  158.9 C(4’), 137.9 C(4), 136.3 C(1), 133.7 C(1’), 129.4 C(3), 127.9 C(2’), 126.6 
C(2), 114.1 C(3’), 55.3 C(1’’), 21.0 C(5) 
 TLC: Rf  0.34 (hexanes/CH2Cl2, 4/1) [silica gel, UV (256)] 
 
4-Butoxy-4’-methoxybiphenyl (41f) (Table 1, entry 5) 
Br+H3CO Si
CH3
CH3
OK H3CO
2'3'
1'''
O
2 3 1''
2''
3''
4''
O
41f  
  Following General Procedure II, APC (15 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (23 mg, 
0.05 mmol, 5 mol %), toluene (3.3 mL), 1-bromo-4-butoxybenzene (174 µL, 1.0 mmol, 1.0 
equiv) and K+39–  (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 60 
min, the mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 40 mm x 200 mm, hexanes/CH2Cl2, gradient 4/1 to 2/1) followed by 
recrystallization afforded 155 mg (61%) of 41f as colorless plates. 
Data for 41f: 
  mp: 132-133 °C (EtOH) 
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 1H NMR:      (500 MHz, CDCl3) 
  7.49 (d, 2 H, J = 8.6 Hz, HC(2)), 7.48 (d, 2 H, J = 8.8 Hz, HC(2’)), 6.97 (d, 2 H, J 
= 8.6 Hz, HC(3)), 6.96 (d, 2 H, J = 8.8 Hz, HC(3’)), 4.01 (t, 2 H, J = 6.5 Hz, 
HC(1’’)), 3.85 (s, 3 H, HC(1’’’)), 1.80 (tt, 2 H, J1 = 6.5 Hz, J2 = 7.5 Hz, HC(2’’)), 
1.52 (tq, 2 H, J1 = J2 = 7.5 Hz, HC(3’’)), 1.00 (t, 3 H, J = 7.5 Hz, HC(4’’)) 
 13C NMR: (126 MHz, CDCl3) 
  158.6 C(4), 158.3 C(4’), 133.5 C(1), 133.2 C(1’), 127.7 C(2), 127.7 C(2’), 114.7 
C(3), 114.1 C(3’), 67.7 C(1’’), 55.3 C(1’’’), 31.3 C(2’’), 19.2 C(3’’), 13.8 C(4’’) 
 IR: (KBr) 
 2950 (s), 2925 (s), 2873 (m), 2372 (w), 2056 (w), 1891 (w), 1602 (s), 1501 (s), 
1470 (m), 1398 (m), 1323 (m), 1274 (s), 1263 (s), 1178 (s), 1137 (m), 1121 (m), 
1075 (w), 1044 (s), 1005 (m), 969 (w), 819 (s), 806 (s)  
 MS: (EI, 70eV) 
  256 (M+, 91), 200 (100), 185 (49), 157 (15), 128 (12), 102 (3) 
 TLC: Rf  0.27 (hexanes/CH2Cl2, 2/1) [silica gel, UV] 
 Analysis: C17H20O2 (256.34) 
 Calcd: C, 79.65;  H, 7.86    
 Found: C, 79.85; H, 7.90 
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3-Chloro-4’methoxybiphenyl (41g) (Table 1, entry 6) 
Br+H3CO Si
CH3
CH3
OK H3CO
2'3'
1''
Cl2
4
56
Cl
41g  
  Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (14 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 3-chlorobromobenzene (117 µL, 1.0 mmol, 1.0 equiv) 
and K+39–  (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 60 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 200 mm, hexanes/CH2Cl2, gradient 7/1 to 6/1) followed by 
recrystallization afforded 189 mg (86%) of 41g as analytically pure colorless plates. 
Data for 41g: 
  mp: 56-57 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  7.55 (t, 1 H, J1=J2 = 1.9 Hz, HC(2)), 7.51 (d, 2 H, J = 8.8 Hz, HC(2’)), 7.43 (dt, 1 
H, J1=J2 = 1.3 Hz, J3=7.7 Hz, HC(4)), 7.34 (t, 1 H, J = 7.7 Hz, HC(5)), 7.28 (dq, 1 
H, J1 = 1.3 Hz, J2  = 2.1 Hz,  J3 = 7.7 Hz, HC(6)), 6.99 (d, 2 H, J = 8.8 Hz, 
HC(3’)), 3.86 (s, 3 H, H3CO(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  159.5 C(4’), 142.6 C(1), 134.6 C(3), 132.2 C(1’), 129.9 C(5), 128.1 C(2’), 126.8 
C(2), 126.6 C(6), 124.8 C(4), 114.3 C(3’), 55.3 C(1’’) 
 IR: (KBr) 
 3059 (w), 2956 (m), 2935 (w), 2904 (w), 2832 (w), 2362 (m), 2341 (w), 1894 (w), 
1605 (m), 1576 (m), 1561 (m), 1512 (m), 1470 (m), 1390 (w), 1290 (m), 1279 
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(m), 1248 (s), 1184 (m)l, 1101 (m), 1021 (s), 884 (w), 832 (s), 786 (s), 687 (s), 
667 (m)  
 MS: (EI, 70eV) 
  220 (33), 218 (M+, 100), 205 (12), 203 (38), 177 (13), 175 (41), 168 (3), 149 (15), 
139 (15), 113 (9), 98 (5), 87 (13), 75 (19), 63 (27) 
 TLC: Rf  0.28 (hexanes/CH2Cl2, 6/1) [silica gel, UV] 
 Analysis: C13H11ClO (218.68) 
 Calcd: C, 71.40;  H, 5.07    
 Found: C, 71.25; H, 4.99 
 
4’-Methoxy-3-(triethylsiloxymethyl)biphenyl (41h) (Table 1, entry 7) 
Br
+H3CO Si
CH3
CH3
OK
H3CO
2'3'
1''
O
Si
O
Si
2
4
56
7
2''
3''
41h  
 Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (14 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 1-bromo-3-(triethylsiloxymethyl)benzene (301 mg, 1.0 
mmol, 1.0 equiv) and K+39– (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  
After 60 min, the mixture was cooled to rt and subjected to an aqueous work-up.  Purification by 
column chromatography (SiO2, 30 mm x 220 mm, hexanes/CH2Cl2, 6/1) followed by reverse 
phase chromatography (reverse phase silica, 20 mm x 150 mm, MeOH/H2O, 12/1) afforded 220 
mg (67 %) of 41h as a colorless oil. 
Data for 41h: 
 1H NMR:      (500 MHz, CDCl3) 
  7.57 (m, 1 H, HC(2)), 7.56 (d, 2 H, J = 8.8 Hz, HC(2’)), 7.46 (d, 1 H, J = 7.6 Hz, 
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HC(6)), 7.40 (t, 1 H, J = 7.6 Hz, HC(5)), 7.31 (d, 1 H, J = 7.6 Hz, HC(4)), 7.00 (d, 
2 H, J = 8.8 Hz, HC(3’)), 4.82 (s, 2 H, HC(2’’)), 3.87 (s, 3 H, HC(1’’)), 1.03 (t, 9 
H, J = 7.8 Hz, HC(4’’)), 0.70 (q, 6 H, J = 7.8 Hz, HC(3’’)) 
 13C NMR: (126 MHz, CDCl3) 
  159.1 C(4), 141.7 C(3), 140.7 C(1’), 133.8 C(1), 128.6 C(5), 128.1 C(2 and 2’), 
125.4 C(6), 124.6 C(4), 114.1 C(3’), 64.8 C(7), 55.3 C(1’’), 6.8 C(3’’), 4.5 C(2’’) 
 IR: (neat) 
 3023 (w), 2950 (s), 2909 (s), 2863 (s), 2361 (w), 2046 (w), 1886 (w), 1697 (w), 
1607 (s), 1519 (s), 1483 (s), 1460 (s), 1439 (s), 1411 (m), 1372 (m), 1284 (s), 
1248 (s), 1181 (s), 1108 (s), 1074 (s), 1008 (s), 971 (m), 858 (m), 829 (s), 783 (s), 
744 (s)  
 MS: (EI, 70eV) 
  328 (M+, 56), 299 (70), 269 (26), 197 (100), 165 (9), 154 (7), 99 (9), 59 (4) 
 HRMS: (EI, 70eV) 
  calcd for C20H28O2Si (M+): 328.1859; found: 328.1862 
 TLC: Rf  0.38 (hexanes/CH2Cl2, 1/1) [silica gel, UV, CAN] 
 GC: tR = 9.00 min (HP-1, 150 °C, 2 min, 50 °C/min, 250 °C, 6.5 min, 16 psi). 
 
2-Chloro-4’-methoxybiphenyl (41i) (Table 1, entry 8) 
Br+H3CO Si
CH3
CH3
OK H3CO
2'3'
1''
4
56
Cl Cl
3
41i  
 Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (14 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 2-chlorobromobenzene (116 µL, 1.0 mmol, 1.0 equiv) 
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and K+39– (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 30 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 220 mm, hexanes/CH2Cl2, 6/1) followed by Kugelrohr 
distillation afforded 188 mg (86%) of 41i as an analytically pure, colorless oil. 
Data for 41i: 
  bp: 130 °C (ABT, 0.2 mmHg) 
 1H NMR:      (500 MHz, CDCl3) 
  7.49 (dd, 1 H, J1 = 1.3 Hz, J2  = 7.9 Hz, HC(3)), 7.42 (d, 2 H, J = 8.8 Hz, HC(2’)), 
7.36 (dd, 1 H, J1 = 1.9 Hz, J2  = 7.3 Hz, HC(6)), 7.32 (ddd, 1 H, J1 = 1.5 Hz, J2  = 
J3 = 7.9 Hz, HC(5)), 7.28 (ddd, 1 H, J1 = 1.9 Hz, J2 =J3 = 7.9 Hz, HC(4)), 7.01 (d, 2 
H, J = 8.8 Hz, HC(6)), 3.88 (s, 3 H, H3CO(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  159.1 C(4’), 140.1 C(1), 132.6 C(2), 131.7 C(1’), 131.4 C(6), 130.6 C(2’), 129.9 
C(3), 128.2 C(4), 126.8 C(5), 113.4 C(3’), 55.2 C(1’’) 
 IR: (neat) 
 3062 (m), 3002 (m), 2957 (m), 2935 (m), 2836 (m), 2546 (w), 2359 (w), 2047 
(w), 1888 (w), 1613 (w), 1579 (m), 1516 (s), 1469 (s), 1441 (s), 1408 (m), 1296 
(s), 1250 (s), 1179 (s), 1126 (m), 1109 (m), 1074 (m), 1037 (s), 1018 (m), 1002 
(m), 946 (w), 831 (s), 805 (m), 757 (s), 733 (s), 665 (m) 
 MS: (EI, 70eV) 
  220 (36), 218 (M+, 100), 205 (5), 203 (15), 177 (5), 175 (13), 149 (4), 139 (10), 
115 (3), 75 (2), 63 (2) 
 TLC: Rf  0.43 (hexanes/CH2Cl2, 6/1) [silica gel, UV] 
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 Analysis: C13H11ClO (218.68) 
 Calcd: C, 71.40;  H, 5.07    
    Found:    C, 71.21;    H, 4.99 
 
4’-Methoxy-2-methylbiphenyl (41j) (Table 1, entry 9) 
Br+H3CO Si
CH3
CH3
OK H3CO
2'3'
1''
4
56
H3C H3C
3
41j  
  Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (14 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 2-bromotoluene (120 µL, 1.0 mmol, 1.0 equiv) and 
K+39–  (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 30 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 190 mm, hexanes/CH2Cl2, 3/1) followed by Kugelrohr 
distillation afforded 168 mg (85%) of 41j as a colorless oil. The spectroscopic data matched 
those from the literature.64b  
Data for 41j: 
  bp: 120 °C (ABT, 0.2 mmHg) 
 1H NMR:      (500 MHz, CDCl3) 
  7.35-7.30 (m, 6 H), 7.03 (d, 2 H, J = 8.8 Hz, HC(3’)), 3.91 (s, 3 H, H3CO(2’’)), 
2.36 (s, 3 H, H3C(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  158.5 C(4’), 141.5 C(2), 135.4 C(1), 134.3 C(3), 130.3 C(1’), 130.2 C(2’), 129.9 
C(4), 126.9 C(6), 125.7 C(5), 113.4 C(3’), 55.2 C(2’’), 20.5 C(1’’) 
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 TLC: Rf  0.27 (hexanes/CH2Cl2, 3/1) [silica gel, UV (256)] 
 
1-(4-Methoxyphenyl)naphthalene (41k) (Table 1, entry 10) 
Br+H3CO Si
CH3
CH3
OK H3CO
2'3'
1''
2 3
4
5
67
8
41k  
  Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), Ph3P(O) (14 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 1-bromonaphthalene (139 µL, 1.0 mmol, 1.0 equiv) and 
K+39–  (286 mg, 1.3 mmol, 1.3 equiv) were combined and heated to 90 °C.  After 35 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 190 mm, hexanes/CH2Cl2, 4/1) followed by recrystallization 
afforded 200 mg (86%) of 41k as colorless needles. The spectroscopic data matched those from 
the literature.64b  
Data for 41k: 
  mp: 115-116 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  8.01-7.88 (m, 3 H), 7.58-7.46 (m, 6 H), 7.08 (d, 2 H, J = 8.4 Hz, HC(3’)), 3.93 (s, 
3 H, H3C(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  158.9 C(4), 139.9 C(1), 133.8 C(5), 133.1 C(9), 131.8 C(1’), 131.1 C(2’), 128.2 
C(8), 127.3 C(3), 126.9 C(10), 126.0 C(4), 125.9 C(7), 125.7 C(6), 125.4 C(2), 
113.7 C(3’), 55.3 C(1’’) 
 TLC: Rf  0.28 (hexanes/CH2Cl2, 4/1) [silica gel, UV (256)] 
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4’-Methoxy-2,4,6-trimethylbiphenyl (41l) (Table 1, entry 11) 
Br+H3CO Si
CH3
CH3
OK H3CO
3'
2''
H3C
H3C
CH3
H3C
H3C
CH3
3
5
1''
41l  
 Following General Procedure II, APC (9 mg, 0.025 mmol, 2.5 mol %), dppbO (22 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 2-bromomesitylene (153 µL, 1.0 mmol, 1.0 equiv) and 
K+39–  (331 mg, 1.5 mmol, 1.5 equiv) were combined and heated to 90 °C.  After 60 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 200 mm, hexanes/CH2Cl2, 6/1) followed by recrystallization 
afforded 173 mg (77%) of 41l as colorless needles. The spectroscopic data matched those from 
the literature.85c,183  
Data for 41l: 
 mp: 73-74 °C (EtOH)  
 1H NMR:      (500 MHz, CDCl3) 
  7.09 (d, 2 H, J = 8.8 Hz, HC(2’)), 6.99 (d, 2 H, J = 8.8 Hz, HC(3’)), 6.97 (br. s, 2 
H, HC(3)), 3.88 (s, 3 H, H3CO(2’’)), 2.36 (s, 3 H, H3C(5)), 2.05 (s, 6 H, H3C(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  158.2 C(4’), 138.6 C(1), 136.4 C(2) and C(4), 133.2 C(1’), 130.3 C(3), 128.0 
C(2’), 113.7 C(3’), 55.1 C(2’’), 21.0 C(5), 20.8 C(1’’) 
 TLC: Rf  0.22 (hexanes/CH2Cl2, 4/1) [silica gel, UV (256)] 
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4-methoxy-4’-nitrobiphenyl (41m) (Table 1, entry 12) 
Br+H3CO Si
CH3
CH3
OK H3CO
3
1''
NO2 NO2
2'2 3'
41m  
 Following General Procedure I, APC (9 mg, 0.025 mmol, 2.5 mol %), dppbO (22 mg, 
0.05 mmol, 5 mol %), toluene (2.0 mL), 4-bromonitrobenzene (202 mg, 1.0 mmol, 1.0 equiv) 
and K+39–  (331 mg, 1.5 mmol, 1.5 equiv) were combined and heated to 90 °C.  After 90 min, the 
mixture was cooled to rt and subjected to an aqueous work-up.  Purification by column 
chromatography (SiO2, 30 mm x 200 mm, hexanes/CH2Cl2, 1/1) followed by recrystallization 
afforded 149 mg (80 %) of 41m as yellow needles. The spectroscopic data matched those from 
the literature.64a  
Data for 41m: 
  mp: 105-106 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  8.25 (d, 2 H, J = 8.8 Hz, HC(3’)), 7.68 (d, 2 H, J = 8.8 Hz, HC(2’)), 7.58 (d, 2 H, 
J = 8.8 Hz, HC(2)), 7.02 (d, 2 H, J = 8.8 Hz, HC(3)), 3.87 (s, 3 H, HC(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  160.4 C(4), 147.1 C(4’), 146.4 C(1’), 131.0 C(1), 128.5 C(2), 127.0 C(2’), 124.1 
C(3’), 114.5 C(3), 55.3 C(1’’) 
 TLC: Rf 0.30 (hexanes/CH2Cl2, 1/1) [silica gel, UV (256, 366)] 
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General Procedure III: Cross-Coupling of Potassium Dimethyl(4-methoxyphenyl)silanolate 
with Aryl Bromides Without a Ligand (Table 2). 
4’-Methoxy-4-(trifluoromethyl)biphenyl (41a) (Table 2, entry 2). 
Br CF3+H3CO Si
CH3
CH3
OK H3CO CF3
2 32'3'
1'' 5
41a  
In an oven-dried, 5-mL, 1-necked, round-bottomed flask containing a magnetic stir bar 
equipped with a reflux condenser and an argon inlet capped with a septum, was charged APC (9 
mg, 0.025 mmol, 2.5 mol %).  The flask was sequentially evacuated and purged with argon 
twice.  Toluene (1.0 mL), and 4-bromobenzotrifluoride (138 µL, 1.0 mmol, 1.0 equiv) were 
added followed by dimethyl(4-methoxyphenyl)silanolate K+39– (286 mg, 1.3 mmol, 1.3 equiv).  
The reaction mixture was heated to 90 °C under argon.  After TLC analysis showed complete 
consumption of the aryl bromide, the mixture was cooled to rt and subjected to an aqueous work-
up.  The reaction mixture was poured onto H2O (10 mL) and was extracted with ethyl acetate (3 
x 10 mL).  The organics were washed with brine (10 mL) and dried (MgSO4). The combined 
organics were concentrated in vacuo and the residue was purified by column chromatography 
(SiO2, 30 x 200 mm, hexanes/CH2Cl2, 5/1) followed by recrystallization from ethanol to afford 
191 mg of 41a as colorless flake crystals. The spectroscopic data matched those from the 
literature.64a  
Data for 41a: 
  mp: 121-122 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  7.68-7.64 (m, 4 H, HC(2), HC(3)), 7.55 (d, 2 H, J = 8.8 Hz, HC(2’)), 7.01 (d, 2 H, 
J = 8.8 Hz, HC(3’)), 3.87 (s, 3 H, H3CO(1’’)) 
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 13C NMR: (126 MHz, CDCl3) 
  159.9 C(4’), 144.3 C(1), 132.2 C(1’), 128.7 (q, JCF = 32.2 Hz, C(4)), 128.3 C(2’), 
126.9 C(2), 125.7 (q, JCF = 3.7 Hz, C(3)), 124.4 (q, JCF = 271.6 Hz, C(5)), 114.4 
C(3’), 55.3 C(1’’) 
 19F NMR: (376 MHz, CDCl3) 
 -62.6 CF3(5) 
 TLC: Rf  0.63 (hexanes/CH2Cl2, 4/1) [silica gel, UV] 
 GC: tR = 6.55 min (HP-1, 150 °C (5 min), 50 °C/min, 250 °C (2 min), 16 psi) 
 
4-Chloro-4’-methoxybiphenyl (41c) (Table 2, entry 1) 
  Following General Procedure III, APC (9 mg, 0.025 mmol, 2.5 mol %), toluene (2.0 mL), 
4-chlorobromobenzene (191 mg, 1.0 mmol, 1.0 equiv) and K+39–  (286 mg, 1.5 mmol, 1.5 equiv) 
were combined and heated to 90 °C.  After 60 min, the mixture was cooled to rt and subjected to 
an aqueous work-up.  Reaction reached 100 % conversion as determined by 1H NMR integration 
of the aryl bromide. 
 
4-(n-Butoxy)-4’-methoxybiphenyl (41f) (Table 2, entry 3) 
  Following General Procedure III, APC (4.6 mg, 0.0125 mmol, 2.5 mol %), toluene (1.0 
mL), 4-(bromophenyl)butyl ether (87 µL, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 45 min, the mixture was cooled to rt and 
subjected to an aqueous work-up.  Reaction reached > 99 % conversion as determined by 1H 
NMR integration of the aryl bromide. 
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2-Chloro-4’-methoxybiphenyl (41i) (Table 2, entry 4) 
  Following General Procedure III, APC (5 mg, 0.0125 mmol, 2.5 mol %), toluene (1.0 
mL), 2-chlorobromobenzene (58 µL, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 1.5 
equiv) were combined and heated to 90 °C.  After 30 min, the mixture was cooled to rt and 
subjected to an aqueous work-up.  Reaction reached 100 % conversion as determined by 1H 
NMR integration of the aryl bromide. 
 
4’-Methoxy-2-methylbiphenyl (41j) (Table 2, entry 5) 
  Following General Procedure III, APC (5 mg, 0.0125 mmol, 2.5 mol %), toluene (1.0 
mL), 2-bromotoluene (60 µL, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 1.5 equiv) 
were combined and heated to 90 °C.  After 30 min, the mixture was cooled to rt and subjected to 
an aqueous work-up.  Reaction reached > 95 % conversion as determined by 1H NMR 
integration of the aryl bromide. 
 
General Procedure IV: Comparison of Cross-Coupling of Potassium Dimethyl(4-
methoxyphenyl)silanolate with Aryl Bromides With and Without Triphenylphosphine 
Oxide. 
4-Bromobenzotrifluoride (40a) using Ph3P(O)  
In a dry box, K+39– (143 mg, 0.50 mmol, 1.3 equiv) was charged into an oven-dried vial 
and sealed. The vial was transferred from the dry box into the hood.  Naphthalene (31.7 mg), 
APC (4.6 mg, 0.0125 mmol, 0.025 equiv), Ph3P(O) (7.0 mg, 0.025 mmol, 0.05 equiv) were 
charged into a one-necked, 5-mL round-bottomed flask with a magnetic stir bar and fitted with a 
reflux condenser (during weighing, the round-bottomed flask was kept open to an ambient 
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atmosphere).  The condenser capped with an argon adapter and the solids were dissolved in dry 
toluene (1.0 mL) resulting in a yellow solution.  4-Bromobenzotriflouride (69 µL, 0.5 mmol, 1.0 
equiv) was then added by removing the argon adapter and adding the material via syringe. To 
this solution was added the solid K+39– by again removing the argon adapter and adding the 
material as a solid. The flask was opened to an argon atmosphere, and was placed in a 90 ˚C oil 
bath.  Reaction progress was monitored by GC analysis. Sampling of the reaction was performed 
by removing 30-µL aliquots of the mixture by syringe and quenching the aliquots at regular 
intervals (5 min). The quench was performed as follows: the withdrawn aliquot of the reaction 
mixture was injected into 100 µL of a 10% aqueous solution of 2-dimethylaminoethanethiol 
hydrochloride. This yellow solution was diluted with 1.5 mL of ether and the organic layer was 
filtered through a 0.5 x 1.0 cm plug of silica gel. The filtrate was subjected to GC analysis. 
Naphthalene, tR 1.53 min; 41a, tR 5.72 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 
psi).  Response factors were obtained by equation 1 and are shown above: 
 
time (min) area IS area 41a % 41a 
5 61402 28841 18 
10 59944 75366 47 
15 109404 176463 61 
20 146562 270527 69 
25 176100 338330 72 
30 187587 378991 76 
35 185721 384886 78 
 
4-Bromobenzotrifluoride (40a) – Ligandless 
  Following General Procedure IV, naphthalene (28.5 mg), APC (4.6 mg, 0.0125 mmol, 
2.5 mol %), toluene (1.0 mL), 4-bromobenzotrifluoride (69 µL, 0.5 mmol, 1.0 equiv) and K+39–  
(143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled 
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at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41a, tR 5.72 min 
(HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi). 
time (min) area IS area 41a % 41a 
5 118769 28603 8 
10 139764 58649 14 
15 122610 71026 20 
20 50733 35480 24 
25 148160 118439 27 
30 140780 128127 31 
35 135919 136535 34 
 
4-Bromobenzotrifluoride (40a) with Ph3P(O) 
  Following General Procedure IV, naphthalene (24.4 mg), APC (4.6 mg, 0.0125 mmol, 
2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 4-bromobenzotrifluoride 
(69 µL, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 1.3 equiv) were combined and 
heated to 90 °C.  The reaction was sampled at certain time intervals and subjected to GC 
analysis. Naphthalene, tR 1.53 min; 41a, tR 5.72 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 
min), 16 psi). 
time (min) area IS area 41a % 41a 
5 49342 37115 22 
10 44683 79033 51 
15 44359 101024 66 
20 37260 94354 73 
25 51869 131816 73 
30 46970 121182 75 
35 132703 347381 76 
 
4-Bromobenzotrifluoride (40a) - Ligandless 
  Following General Procedure IV, naphthalene (26.2 mg), APC (4.6 mg, 0.0125 mmol, 
2.5 mol %), toluene (1.0 mL), 4-bromobenzotrifluoride (69 µL, 0.5 mmol, 1.0 equiv) and K+39–  
(143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled 
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at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41a, tR 5.72 min 
(HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi). 
time (min) area IS area 41a % 41a 
5 40797 19107 15 
10 40566 33488 26 
15 39363 48847 39 
20 44224 67349 47 
25 42381 75543 55 
30 33923 63103 58 
35 38674 77751 62 
 
4-Bromobenzotrifluoride (40a) with Ph3P(O) (2 mmol scale) 
  Following General Procedure IV, naphthalene (104 mg), APC (18.2 mg, 0.050 mmol, 
2.5 mol %), Ph3P(O) (28.0 mg, 0.10 mmol, 5 mol %), toluene (4.0 mL), 4-bromobenzotrifluoride 
(276 µL, 0.5 mmol, 1.0 equiv) and K+39–  (571 mg, 2.6 mmol, 1.3 equiv) were combined and 
heated to 90 °C.  The reaction was sampled at certain time intervals and subjected to GC 
analysis. Naphthalene, tR 1.53 min; 41a, tR 5.72 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 
min), 16 psi). 
time (min) area IS area 41a % 41a 
5 63699 57185 28 
10 39832 105689 82 
15 50689 142861 87 
20 48887 142496 90 
25 37312 109950 91 
30 48166 142759 91 
35 48156 139239 89 
 
4-Bromobenzotrifluoride (40a) – Ligandless (2 mmol scale) 
  Following General Procedure IV, naphthalene (104 mg), APC (18.2 mg, 0.050 mmol, 
2.5 mol %), toluene (4.0 mL), 4-bromobenzotrifluoride (276 µL, 0.5 mmol, 1.0 equiv) and K+39–  
(571 mg, 2.6 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled at 
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certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41a, tR 5.72 min 
(HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi). 
time (min) area IS area 41a % 41a 
5 55735 18042 10 
10 44342 60597 42 
15 50762 94810 57 
20 54561 118126 67 
25 51990 120325 71 
30 47107 112588 74 
35 48365 115566 74 
 
2-Bromotoluene (40j) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.178 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 2-bromotoluene 
(60 µL, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 1.3 equiv) were combined and 
heated to 90 °C.  The reaction was sampled at certain time intervals and subjected to GC 
analysis. Naphthalene, tR 1.53 min; 41j, tR 5.65 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 
min), 16 psi). 
time (min) area IS area 41j % 41j 
5 41008 9091 8 
10 39264 107971 102 
 
2-Bromotoluene (40j)- Ligandless 
  Following General Procedure IV, naphthalene (0.237 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 2-bromotoluene (60 µL, 0.5 mmol, 1.0 equiv) and K+39– 
(143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled 
at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41j, tR 5.65 min 
(HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi). 
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time (min) area IS area 41j % 41j 
5 52797 9292 9 
10 47724 8559 9 
15 48124 12702 13 
20 44689 18888 21 
25 50953 33628 33 
30 47975 41547 43 
35 49517 55310 55 
 
2-Bromotoluene (40j) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.247 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 2-bromotoluene 
(60 µL, 0.5 mmol, 1.0 equiv) and K+39– (143 mg, 0.65 mmol, 1.3 equiv) were combined and 
heated to 90 °C.  The reaction was sampled at certain time intervals and subjected to GC 
analysis. Naphthalene, tR 1.53 min; 41j, tR 5.65 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 
min), 16 psi). 
time (min) area IS area 41j % 41j 
5 50210 7301 8 
10 46989 87785 98 
 
2-Bromotoluene (40j) - Ligandless 
  Following General Procedure IV, naphthalene (0.197 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 2-bromotoluene (60 µL, 0.5 mmol, 1.0 equiv) and K+39–  
(143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled 
at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41j, tR 5.65 min 
(HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi). 
time (min) area IS area 41j % 41j 
5 42856 10655 10 
10 45323 31452 29 
15 47757 90453 79 
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20 44013 102572 97 
25 40513 99160 102 
 
2-Bromotoluene (40j) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.211 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 2-bromotoluene 
(60 µL, 0.5 mmol, 1.0 equiv) and K+39– (143 mg, 0.65 mmol, 1.3 equiv) were combined and 
heated to 90 °C.  The reaction was sampled at certain time intervals and subjected to GC 
analysis. Naphthalene, tR 1.53 min; 41j, tR 5.65 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 
min), 16 psi). 
time (min) area IS area 41j % 41j 
5 27260 18860 30 
10 30173 70122 100 
 
2-Bromotoluene (40j) Ligandless 
  Following General Procedure IV, naphthalene (0.250 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 2-bromotoluene (60 µL, 0.5 mmol, 1.0 equiv) and K+39– 
(143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled 
at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41j, tR 5.65 min 
(HP-1, 170 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi). 
time (min) area IS area 41j % 41j 
5 36849 6209 9 
10 31350 22830 39 
15 21109 32832 83 
20 32912 60792 98 
25 31086 56864 97 
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4-Bromobutoxybenzene (40f) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.165 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 4-
bromobutoxybenzene (87 µL, 0.5 mmol, 1.0 equiv) and K+39– (143 mg, 0.65 mmol, 1.3 equiv) 
were combined and heated to 90 °C.  The reaction was sampled at certain time intervals and 
subjected to GC analysis. Naphthalene, tR 1.53 min; 41f, tR 7.78 min (HP-1 T0 = 170 °C (3 min) 
rate = 50 °C/min  Tf = 250 °C (5 min)). 
time (min) area IS area 41f % 41f 
5 18990 6222 6 
10 20682 25234 24 
15 21187 36751 34 
20 21552 45461 41 
25 19989 46807 46 
30 21683 53532 48 
35 19863 51294 50 
40 18926 50384 52 
45 18561 51586 54 
50 23308 62966 53 
55 20992 59244 55 
60 21826 62317 56 
 
4-Bromobutoxybenzene (40f) - Ligandless 
  Following General Procedure IV, naphthalene (0.223 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 4-bromobutoxybenzene (87 µL, 0.5 mmol, 1.0 equiv) and 
K+39–  (143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was 
sampled at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41f, tR 
7.78 min (HP-1 T0 = 170 °C (3 min) rate = 50 °C/min  Tf = 250 °C (5 min)). 
time (min) area IS area 41f % 41f 
5 26226 4806 5 
10 19263 9668 13 
15 33290 26130 21 
20 32188 32864 27 
           
207 
25 28761 32307 30 
30 37555 47352 33 
35 22331 31550 37 
40 29734 41417 37 
45 32001 47164 39 
50 30100 45813 40 
55 31893 48937 41 
60 35157 55981 42 
 
4-Bromobutoxybenzene (40f) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.191 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 4-
bromobutoxybenzene (87 µL, 0.5 mmol, 1.0 equiv) and K+39– (143 mg, 0.65 mmol, 1.3 equiv) 
were combined and heated to 90 °C.  The reaction was sampled at certain time intervals and 
subjected to GC analysis. Naphthalene, tR 1.53 min; 41f, tR 7.78 min (HP-1 T0 = 170 °C (3 min) 
rate = 50 °C/min  Tf = 250 °C (5 min)). 
time (min) area IS area 41f % 41f 
5 32066 17137 14 
10 27963 42483 40 
15 28746 55110 50 
20 33107 73388 58 
25 35678 83726 61 
30 28393 65762 60 
35 24153 61125 66 
40 26721 63811 62 
45 22913 57308 65 
50 32574 81258 65 
55 24412 60777 65 
60 21271 52076 64 
 
4-Bromobutoxybenzene (40f) - Ligandless 
  Following General Procedure IV, naphthalene (0.191 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 4-bromobutoxybenzene (87 µL, 0.5 mmol, 1.0 equiv) and 
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K+39– (143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was 
sampled at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41f, tR 
7.78 min (HP-1 T0 = 170 °C (3 min) rate = 50 °C/min  Tf = 250 °C (5 min)). 
time (min) area IS area 41f % 41f 
5 35753 5967 4 
10 26648 10168 9 
15 32784 18461 13 
20 32511 20723 15 
25 43717 33557 18 
30 31639 27425 21 
35 29271 26015 21 
40 28218 28177 24 
45 30469 31700 25 
50 28853 32561 27 
55 33310 38417 27 
60 28770 35451 29 
 
 
4-Bromobutoxybenzene (40f) with Ph3P(O) (2 mmol scale) 
  Following General Procedure IV, naphthalene (0.811 mmol), APC (18.3 mg, 0.05 mmol, 
2.5 mol %), Ph3P(O) (28.0 mg, 0.10 mmol, 5 mol %), toluene (4.0 mL), 4-bromobutoxybenzene 
(347 µL, 0.5 mmol, 1.0 equiv) and K+39–  (573 mg, 2.6 mmol, 1.3 equiv) were combined and 
heated to 90 °C.  The reaction was sampled at certain time intervals and subjected to GC 
analysis. Naphthalene, tR 1.53 min; 41f, tR 7.78 min (HP-1 T0 = 170 °C (3 min) rate = 50 °C/min  
Tf = 250 °C (5 min)). 
time (min) area IS area 41f % 41f 
5 24023 9031 9 
10 25997 31691 29 
15 23051 37485 39 
20 22772 44942 47 
25 25884 54617 51 
30 22216 51508 56 
35 27554 61947 54 
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40 31425 77214 59 
45 23155 56347 58 
50 20721 49641 58 
55 27174 68064 60 
60 26945 66295 59 
 
4-Bromobutoxybenzene (40f) – Ligandless (2 mmol scale) 
  Following General Procedure IV, naphthalene (0.780 mmol), APC (18.3 mg, 0.05 mmol, 
2.5 mol %), toluene (4.0 mL), 4-bromobutoxybenzene (347 µL, 0.5 mmol, 1.0 equiv) and K+39– 
(573 mg, 2.6 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was sampled at 
certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41f, tR 7.78 min 
(HP-1 T0 = 170 °C (3 min) rate = 50 °C/min  Tf = 250 °C (5 min)). 
time (min) area IS area 41f % 41f 
5 27099 6045 5 
10 28233 20408 17 
15 21096 24849 27 
20 22456 32079 33 
25 23508 35818 35 
30 25370 46396 42 
35 25420 49127 45 
40 11882 24226 47 
45 26094 54294 48 
50 25447 54627 50 
55 25534 53127 48 
60 18464 40903 51 
 
4-Bromochlorobenzene (40i) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.227 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 4-
bromochlorobenzene (96 mg, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 1.3 equiv) 
were combined and heated to 90 °C.  The reaction was sampled at certain time intervals and 
subjected to GC analysis. Naphthalene, tR 1.53 min; 41i, tR 7.48 min (HP-1 T0 = 170 °C (5 min) 
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rate = 50 °C/min  Tf = 225 °C (2 min)). 
time (min) area IS area 41i % 41i 
5 19926 5750 10 
10 17903 18703 36 
15 20890 30693 51 
20 22294 36922 57 
25 16435 28532 60 
30 19031 34278 62 
40 19005 35950 65 
45 20890 39516 65 
50 23660 45212 66 
55 19703 37961 67 
60 20631 39589 66 
 
 
4-Bromochlorobenzene (40i) - Ligandless 
  Following General Procedure IV, naphthalene (0.197 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 4-bromochlorobenzene (99 mg, 0.517 mmol, 1.0 equiv) 
and K+39– (143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction 
was sampled at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 
41i, tR 7.48 min (HP-1 T0 = 170 °C (5 min) rate = 50 °C/min  Tf = 225 °C (2 min)). 
time (min) area IS area 41i % 41i 
5 20347 4432 6 
10 22224 11702 15 
15 23673 19050 23 
20 20296 20283 29 
25 17582 19943 33 
30 22336 28542 37 
35 22012 29398 39 
40 22421 31601 41 
45 19223 28533 43 
50 20477 31045 44 
55 21014 32844 45 
60 25140 40339 47 
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4-Bromochlorobenzene (40i) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.190 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 4-
bromochlorobenzene (96 mg, 0.5 mmol, 1.0 equiv) and K+39– (143 mg, 0.65 mmol, 1.3 equiv) 
were combined and heated to 90 °C.  The reaction was sampled at certain time intervals and 
subjected to GC analysis. Naphthalene, tR 1.53 min; 41i, tR 7.48 min (HP-1 T0 = 170 °C (5 min) 
rate = 50 °C/min  Tf = 225 °C (2 min)). 
time (min) area IS area 41i % 41i 
5 19543 9518 14 
10 23417 34242 42 
15 24776 50103 58 
20 25295 51972 59 
25 24510 52957 62 
30 27076 59782 64 
35 27761 60887 63 
40 30330 69252 66 
45 29069 66874 67 
50 28562 62753 64 
55 27015 58851 63 
60 26914 55331 59 
 
4-Bromochlorobenzene (40i) - Ligandless 
  Following General Procedure IV, naphthalene (0.212 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 4-bromochlorobenzene (97 mg, 0.507 mmol, 1.0 equiv) 
and K+39–  (143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction 
was sampled at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 
41i, tR 7.48 min (HP-1 T0 = 170 °C (5 min) rate = 50 °C/min  Tf = 225 °C (2 min)). 
time (min) area IS area 41i % 41i 
5 25944 3877 5 
10 32176 8715 9 
15 31105 11445 12 
20 31663 13222 13 
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25 25518 11950 15 
30 33861 16793 16 
35 35846 18872 17 
40 38800 21332 17 
45 29072 16176 18 
50 31052 17952 18 
55 28916 17359 19 
60 43059 24139 18 
 
4-Bromochlorobenzene (40i) with Ph3P(O) 
  Following General Procedure IV, naphthalene (0.265 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), Ph3P(O) (7.0 mg, 0.025 mmol, 5 mol %), toluene (1.0 mL), 4-
bromochlorobenzene (96 mg, 0.5 mmol, 1.0 equiv) and K+39–  (143 mg, 0.65 mmol, 1.3 equiv) 
were combined and heated to 90 °C.  The reaction was sampled at certain time intervals and 
subjected to GC analysis. Naphthalene, tR 1.53 min; 41i, tR 7.48 min (HP-1 T0 = 170 °C (5 min) 
rate = 50 °C/min  Tf = 225 °C (2 min)). 
time (min) area IS area 41i % 41i 
5 41115 7634 7 
10 31660 17900 23 
15 36784 34124 37 
20 36825 41025 45 
25 34283 42408 50 
30 39735 55311 56 
35 44508 64078 58 
40 40209 60907 61 
45 32824 50674 62 
50 35111 54808 63 
55 35174 56427 65 
60 36481 58798 65 
 
4-Bromochlorobenzene (40i) - Ligandless 
  Following General Procedure IV, naphthalene (0.232 mmol), APC (4.6 mg, 0.0125 
mmol, 2.5 mol %), toluene (1.0 mL), 4-bromochlorobenzene (96 mg, 0.5 mmol, 1.0 equiv) and 
K+39– (143 mg, 0.65 mmol, 1.3 equiv) were combined and heated to 90 °C.  The reaction was 
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sampled at certain time intervals and subjected to GC analysis. Naphthalene, tR 1.53 min; 41i, tR 
7.48 min (HP-1 T0 = 170 °C (5 min) rate = 50 °C/min  Tf = 225 °C (2 min)). 
time (min) area IS area 41i % 41i 
5 31674 6081 7 
10 40819 25485 22 
15 38447 35279 32 
20 37885 42841 40 
25 30975 37907 43 
30 34164 45788 47 
35 32662 46712 50 
40 35956 52220 51 
45 34851 53172 54 
50 34061 52734 55 
55 41809 66757 56 
60 36534 59488 57 
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General Procedure V: Kinetic Analysis of the Cross-Coupling of Arylsilanolates Employing 
Phosphine Oxides 
CH3
Br
MeO
CH3
+
Cs+39–
MeO
Si
[allylPdCl]2
phosphine oxide
C6H5CF3, 100
oC
40j 41j
O–Cs+
Me Me
 
 In a drybox, a one-necked, 5-mL round-bottomed flask with a magnetic stir bar and fitted 
with a reflux condenser and three-way stop-cock (fitted with an argon inlet and a rubber septum) 
was charged with naphthalene (10 mg), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppp(O)2 (6.6 
mg, 0.015 mmol, 0.090 equiv), 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) and dry 
benzotrifluoride (2.0 mL) To this solution was added Cs+39– (79 mg, 0.25 mmol, 1.50 equiv) 
The flask was removed from the drybox, the stopcock purged with argon, and was placed in a 
105 0C oil bath. Reaction progress was monitored by GC analysis. Sampling of the reaction was 
performed by removing 30 µL aliquots of the mixture by syringe and quenching the aliquots at 
regular intervals.184  The quench was performed as follows: the aliquot was injected into 100 µL 
of a 10% aqueous solution of 2-dimethylaminoethanethiol hydrochloride. This yellow solution 
was diluted with 1.5 mL of ether and the organic phase was filtered through a 0.5 x 1.0 cm plug 
of silica gel. The filtrate was analyzed by GC. Naphthalene, tR 1.55 min; 41j, tR 5.78 min (HP-1, 
170 0C (5 min), 50 0C/min, 225 0C, 16 psi) 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross % conv 
1.5 0.078 1 0 0.00    
1.5 0.078 1 0 0.00 1.5 0.00 0.00 
1.5 0.078 1 0 0.00    
2 0.078 57759 3613 5.18    
2 0.078 43602 2383 4.52 2 4.96 3.10 
2 0.078 57759 3613 5.18    
2.5 0.078 14242 1540 8.95    
2.5 0.078 58344 6140 8.71 2.5 9.56 5.98 
2.5 0.078 58941 7854 11.03    
           
215 
3 0.078 59989 11733 16.19    
3 0.078 44769 7437 13.75 3 14.55 9.09 
3 0.078 59805 9906 13.71    
3.5 0.078 60961 14217 19.30    
3.5 0.078 61510 14113 18.99 3.5 19.11 11.95 
3.5 0.078 61459 14151 19.06    
4 0.078 57100 17013 24.66    
4 0.078 56481 17114 25.08 4 24.83 15.52 
4 0.078 56573 16924 24.76    
4.5 0.078 16301 5838 29.64    
4.5 0.078 16248 6013 30.63 4.5 30.00 18.75 
4.5 0.078 46728 16785 29.73    
5 0.078 15976 6695 34.68    
5 0.078 15420 6739 36.17 5 35.69 22.31 
5 0.078 15745 6891 36.22    
5.5 0.078 14179 7072 41.28    
5.5 0.078 13234 6769 42.33 5.5 41.62 26.01 
5.5 0.078 57590 28712 41.26    
 kobs = 8.61 x 10-2 mM/s 
 
Table 3, Entry 1, Run 2 – dppp(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (78 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppp(O)2 (6.6 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j time 
mmol  
cross 
% 
conversion 
1.5 0.078 51699 2283 3.65    
1.5 0.078 50502 2206 3.61 1.5 3.64 2.28 
1.5 0.078 51699 2283 3.65    
2 0.078 66484 7738 9.63    
2 0.078 66489 7708 9.59 2 9.62 6.01 
2 0.078 66278 7721 9.64    
2.5 0.078 63901 14117 18.28    
2.5 0.078 63363 13740 17.95 2.5 18.00 11.25 
2.5 0.078 64165 13784 17.78    
3 0.078 61905 18343 24.52    
3 0.078 16797 4924 24.26 3 24.34 15.21 
           
216 
3 0.078 61630 18054 24.24    
3.5 0.078 55118 20823 31.27    
3.5 0.078 56083 20976 30.95 3.5 31.18 19.49 
3.5 0.078 27825 10534 31.33    
4 0.078 61868 27253 36.46    
4 0.078 31213 13896 36.84 4 36.66 22.91 
4 0.078 31627 14020 36.69    
4.5 0.078 15611 7982 42.31    
4.5 0.078 61972 31319 41.82 4.5 41.97 26.23 
4.5 0.078 60808 30697 41.78    
5 0.078 63762 35032 45.47    
5 0.078 64313 36053 46.39 5 46.09 28.80 
5 0.078 48599 27245 46.39    
5.5 0.078 59569 36007 50.02    
5.5 0.078 59196 36449 50.96 5.5 50.42 31.51 
5.5 0.078 15862 9636 50.27    
 kobs = 9.90 x 10-2 mM/s 
 
Table 3, Entry 1, Run 3 - dppp(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (78 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppp(O)2 (6.6 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (11 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j time 
mmol  
cross 
% 
conversion 
1.5 0.0858 71276 2937 3.75    
1.5 0.0858 70946 2902 3.72 1.5 3.74 2.34 
1.5 0.0858 71276 2937 3.75    
2 0.0858 53080 5215 8.94    
2 0.0858 35434 3506 9.01 2 9.03 5.64 
2 0.0858 18085 1814 9.13    
2.5 0.0858 16559 2760 15.17    
2.5 0.0858 60532 10107 15.20 2.5 15.15 9.47 
2.5 0.0858 45349 7512 15.08    
3 0.0858 46905 10720 20.81    
3 0.0858 47953 11230 21.32 3 21.01 13.13 
3 0.0858 47469 10897 20.90    
3.5 0.0858 15274 4364 26.01    
           
217 
3.5 0.0858 13887 4159 27.26 3.5 26.89 16.80 
3.5 0.0858 15899 4783 27.39    
4 0.0858 16387 5556 30.86    
4 0.0858 65024 21616 30.26 4 30.49 19.06 
4 0.0858 16575 5525 30.34    
 
Table 3, Entry 2, Run 1– dppf(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppf(O)2 (8.8 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (13.6 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j time 
mmol  
cross 
% 
conversion 
1 0.106 14583 0 0.00    
1 0.106 14355 0 0.00 1 0.00 0.00 
1 0.106 14249 0 0.00    
1.5 0.106 19654 0 0.00    
1.5 0.106 20584 0 0.00 1.5 0.00 0.00 
1.5 0.106 20198 0 0.00    
2 0.106 18894 1138 6.78    
2 0.106 18347 1115 6.84 2 6.74 4.06 
2 0.106 18699 1097 6.60    
2.5 0.106 19212 2294 13.44    
2.5 0.106 19540 2344 13.51 2.5 13.75 8.28 
2.5 0.106 18907 2403 14.31    
3 0.106 17610 3293 21.05    
3 0.106 17956 3293 20.65 3 20.95 12.62 
3 0.106 17310 3253 21.16    
3.5 0.106 21645 5144 26.76    
3.5 0.106 20679 5210 28.36 3.5 27.58 16.61 
3.5 0.106 21244 5210 27.61    
4 0.106 22613 6425 31.99    
4 0.106 22496 6488 32.47 4 32.45 19.55 
4 0.106 21726 6347 32.89    
4.5 0.106 25955 8599 37.30    
4.5 0.106 26163 8681 37.36 4.5 37.68 22.70 
4.5 0.106 25823 8803 38.38    
5 0.106 20728 8095 43.97    
5 0.106 20891 8005 43.14 5 43.54 26.23 
5 0.106 20863 8064 43.52    
5.5 0.106 24678 10196 46.51    
5.5 0.106 22468 9862 49.42 5.5 48.44 29.18 
5.5 0.106 22841 10023 49.40    
6 0.106 19739 9075 51.76    
6 0.106 19379 9310 54.09 6 52.90 31.87 
6 0.106 19290 9056 52.85    
           
218 
 kobs = 9.82 x 10-2 mM/s 
 
Table 3, Entry 2, Run 2 – dppf(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppf(O)2 (8.8 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10.7 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j time 
mmol  
cross 
% 
conversion 
1 0.0835 16301 0 0.00    
1 0.0835 17077 0 0.00 1 0.00 0.00 
1 0.0835 16344 0 0.00    
1.5 0.0835 14630 0 0.00    
1.5 0.0835 14363 0 0.00 1.5 0.00 0.00 
1.5 0.0835 14688 0 0.00    
2 0.0835 15180 1150 6.71    
2 0.0835 15496 1188 6.79 2 6.73 4.05 
2 0.0835 15410 1164 6.69    
2.5 0.0835 14755 2085 12.52    
2.5 0.0835 14912 2160 12.83 2.5 12.74 7.68 
2.5 0.0835 14508 2109 12.88    
3 0.0835 15583 3367 19.14    
3 0.0835 15904 3387 18.86 3 18.88 11.37 
3 0.0835 15696 3302 18.63    
3.5 0.0835 18354 4931 23.80    
3.5 0.0835 17884 4805 23.80 3.5 23.87 14.38 
3.5 0.0835 18053 4894 24.01    
4 0.0835 20387 6676 29.01    
4 0.0835 20863 6845 29.06 4 28.71 17.29 
4 0.0835 21438 6789 28.05    
4.5 0.0835 19903 7355 32.73    
4.5 0.0835 19897 7501 33.39 4.5 33.42 20.13 
4.5 0.0835 19054 7342 34.13    
5 0.0835 17906 7355 36.38    
5 0.0835 17544 7313 36.92 5 36.76 22.14 
5 0.0835 17650 7368 36.98    
5.5 0.0835 17798 8247 41.04    
5.5 0.0835 17829 8166 40.57 5.5 40.92 24.65 
           
219 
5.5 0.0835 17797 8267 41.14    
6 0.0835 19014 9600 44.72    
6 0.0835 19661 9758 43.96 6 44.33 26.70 
6 0.0835 19426 9717 44.31    
 kobs = 8.15 x 10-2 mM/s 
 
Table 3, Entry 2, Run 3 – dppf(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppf(O)2 (8.8 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10.7 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0835 8273 0 0.00    
1 0.0835 8254 0 0.00 1 0.00 0.00 
1 0.0835 8104 0 0.00    
1.5 0.0835 7080 0 0.00    
1.5 0.0835 7231 0 0.00 1.5 0.00 0.00 
1.5 0.0835 6966 0 0.00    
2 0.0835 19320 1952 8.95    
2 0.0835 19911 2251 10.01 2 9.27 5.58 
2 0.0835 19326 1931 8.85    
2.5 0.0835 15012 2667 15.74    
2.5 0.0835 14258 2655 16.49 2.5 16.01 9.64 
2.5 0.0835 15106 2693 15.79    
3 0.0835 11831 3034 22.71    
3 0.0835 12614 3065 21.52 3 21.99 13.25 
3 0.0835 12577 3088 21.75    
3.5 0.0835 17411 5525 28.11    
3.5 0.0835 17732 5512 27.53 3.5 27.88 16.80 
3.5 0.0835 17662 5585 28.01    
4 0.0835 20437 7502 32.51    
4 0.0835 20724 7621 32.57 4 32.82 19.77 
4 0.0835 20040 7552 33.38    
4.5 0.0835 14165 6113 38.23    
4.5 0.0835 14501 6104 37.28 4.5 37.65 22.68 
4.5 0.0835 14574 6161 37.44    
5 0.0835 18301 8829 42.73    
5 0.0835 18661 8772 41.64 5 42.06 25.34 
           
220 
5 0.0835 18052 8522 41.81    
5.5 0.0835 19337 10023 45.91    
5.5 0.0835 18636 9880 46.96 5.5 46.13 27.79 
5.5 0.0835 19291 9912 45.51    
6 0.0835 17300 9713 49.73    
6 0.0835 17954 10057 49.62 6 49.63 29.90 
6 0.0835 17754 9931 49.55    
 kobs = 8.96 x 10-2 mM/s 
 
Table 3, Entry 4, Run 1 – Ph2XPhos(O) (1/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (7.2 mg, 0.015 mmol, 0.090 
equiv), naphthalene (9.7 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0757 11641 0 0.00    
1 0.0757 13978 0 0.00 1 0.00 0.00 
1 0.0757 15318 0 0.00    
1.5 0.0757 10237 0 0.00    
1.5 0.0757 9364 0 0.00 1.5 0.00 0.00 
1.5 0.0757 10393 0 0.00    
2 0.0757 12106 0 0.00    
2 0.0757 11035 0 0.00 2 0.00 0.00 
2 0.0757 9860 0 0.00    
2.5 0.0757 9672 827 6.87    
2.5 0.0757 10129 807 6.40 2.5 6.63 4.00 
2.5 0.0757 10627 878 6.63    
3 0.0757 11145 1552 11.18    
3 0.0757 8189 1144 11.22 3 11.19 6.74 
3 0.0757 10762 1498 11.18    
3.5 0.0757 14503 3048 16.88    
3.5 0.0757 13911 3471 20.04 3.5 18.04 10.87 
3.5 0.0757 14483 3103 17.20    
4 0.0757 11537 3412 23.75    
4 0.0757 11719 3229 22.12 4 22.87 13.78 
4 0.0757 12637 3580 22.75    
4.5 0.0757 10595 3528 26.74    
4.5 0.0757 12125 4371 28.95 4.5 28.89 17.41 
           
221 
4.5 0.0757 11598 4477 31.00    
5 0.0757 11819 4409 29.95    
5 0.0757 11139 4315 31.11 5 30.64 18.46 
5 0.0757 11960 4597 30.86    
5.5 0.0757 12397 5851 37.90    
5.5 0.0757 11293 4580 32.57 5.5 34.83 20.98 
5.5 0.0757 11170 4735 34.04    
6 0.0757 11263 5408 38.56    
6 0.0757 10830 5381 39.90 6 39.82 23.99 
6 0.0757 12437 6353 41.02    
 kobs = 7.88 x 10-2 mM/s 
 
Table 3, Entry 4, Run 2 – Ph2XPhos(O) (1/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (7.2 mg, 0.015 mmol, 0.090 
equiv), naphthalene (9.2 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0718 11641 0 0.00    
1 0.0718 13978 0 0.00 1 0.00 0.00 
1 0.0718 15318 0 0.00    
1.5 0.0718 10237 0 0.00    
1.5 0.0718 9364 0 0.00 1.5 0.00 0.00 
1.5 0.0718 10393 0 0.00    
2 0.0718 12106 0 0.00    
2 0.0718 11035 0 0.00 2 5.85 3.52 
2 0.0718 9860 0 0.00    
2.5 0.0718 9672 827 6.87    
2.5 0.0718 10129 807 6.40 2.5 12.57 7.57 
2.5 0.0718 10627 878 6.63    
3 0.0718 11145 1552 11.18    
3 0.0718 8189 1144 11.22 3 19.43 11.70 
3 0.0718 10762 1498 11.18    
3.5 0.0718 14503 3048 16.88    
3.5 0.0718 13911 3471 20.04 3.5 23.77 14.32 
3.5 0.0718 14483 3103 17.20    
4 0.0718 11537 3412 23.75    
           
222 
4 0.0718 11719 3229 22.12 4 28.45 17.14 
4 0.0718 12637 3580 22.75    
4.5 0.0718 10595 3528 26.74    
4.5 0.0718 12125 4371 28.95 4.5 32.36 19.49 
4.5 0.0718 11598 4477 31.00    
5 0.0718 11819 4409 29.95    
5 0.0718 11139 4315 31.11 5 35.79 21.56 
5 0.0718 11960 4597 30.86    
5.5 0.0718 12397 5851 37.90    
5.5 0.0718 11293 4580 32.57 5.5 39.51 23.80 
5.5 0.0718 11170 4735 34.04    
6 0.0718 11263 5408 38.56    
6 0.0718 10830 5381 39.90 6 43.78 26.37 
6 0.0718 12437 6353 41.02    
 kobs = 7.97 x 10-2 mM/s 
 
Table 3, Entry 4, Run 3 – Ph2XPhos(O) (1/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (7.2 mg, 0.015 mmol, 0.090 
equiv), naphthalene (9.2 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0882 19561 0 0.00    
1 0.0882 19149 0 0.00 1 0.00 0.00 
1 0.0882 18524 0 0.00    
1.5 0.0882 17126 0 0.00    
1.5 0.0882 17192 0 0.00 1.5 0.00 0.00 
1.5 0.0882 17394 0 0.00    
2 0.0882 18076 1523 7.88    
2 0.0882 16585 1070 6.03 2 7.06 4.26 
2 0.0882 17099 1330 7.28    
2.5 0.0882 17674 2189 11.59    
2.5 0.0882 16927 2283 12.62 2.5 11.89 7.16 
2.5 0.0882 17536 2152 11.48    
3 0.0882 14577 2738 17.57    
3 0.0882 13658 2688 18.41 3 17.82 10.74 
3 0.0882 13862 2591 17.48    
3.5 0.0882 23342 5936 23.79    
           
223 
3.5 0.0882 22288 5645 23.69 3.5 23.76 14.31 
3.5 0.0882 21279 5413 23.80    
4 0.0882 18233 5833 29.93    
4 0.0882 20378 6467 29.69 4 29.93 18.03 
4 0.0882 21433 6915 30.18    
4.5 0.0882 21894 8007 34.21    
4.5 0.0882 20857 7563 33.92 4.5 34.09 20.54 
4.5 0.0882 20732 7566 34.14    
5 0.0882 17925 7375 38.49    
5 0.0882 20104 8107 37.72 5 37.99 22.89 
5 0.0882 18573 7499 37.77    
5.5 0.0882 21274 9230 40.58    
5.5 0.0882 19873 8543 40.21 5.5 40.40 24.34 
5.5 0.0882 20378 8800 40.40    
6 0.0882 19551 9472 45.32    
6 0.0882 22225 10548 44.40 6 44.93 27.07 
6 0.0882 18915 9117 45.09    
 kobs = 8.31 x 10-2 mM/s 
 
Table 3, Entry 4b, Run 1 – Ph2XPhos(O) (2/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (14.4 mg, 0.030 mmol, 0.18 
equiv), naphthalene (10.4 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0811 42768 0 0.00    
1 0.0811 42458 0 0.00 1 0.00 0.00 
1 0.0811 42357 0 0.00    
1.5 0.0811 50137 928 1.59    
1.5 0.0811 50243 948 1.62 1.5 1.61 0.97 
1.5 0.0811 49565 930 1.62    
2 0.0811 53467 3387 5.45    
2 0.0811 53731 3408 5.46 2 5.46 3.29 
2 0.0811 52867 3353 5.46    
2.5 0.0811 45126 6017 11.48    
2.5 0.0811 45415 6019 11.41 2.5 11.44 6.89 
2.5 0.0811 46363 6152 11.42    
3 0.0811 51201 10509 17.67    
           
224 
3 0.0811 51209 10554 17.74 3 17.74 10.68 
3 0.0811 51512 10647 17.79    
3.5 0.0811 61369 16979 23.82    
3.5 0.0811 61710 17057 23.80 3.5 23.87 14.38 
3.5 0.0811 60660 16912 24.00    
4 0.0811 44437 15178 29.41    
4 0.0811 46045 15353 28.71 4 29.59 17.82 
4 0.0811 44318 15781 30.66    
4.5 0.0811 52054 20367 33.68    
4.5 0.0811 51700 19640 32.70 4.5 33.45 20.15 
4.5 0.0811 50500 19916 33.95    
5 0.0811 48547 21084 37.39    
5 0.0811 50338 21542 36.84 5 37.20 22.41 
5 0.0811 49841 21637 37.37    
5.5 0.0811 43216 20370 40.58    
5.5 0.0811 42982 20115 40.29 5.5 40.33 24.30 
5.5 0.0811 43343 20204 40.13    
6 0.0811 49253 24931 43.58    
6 0.0811 49812 25499 44.07 6 44.00 26.51 
6 0.0811 48476 24981 44.37    
 kobs = 8.15 x 10-2 mM/s 
 
Table 3, Entry 4b, Run 2 – Ph2XPhos(O) (2/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (14.4 mg, 0.030 mmol, 0.18 
equiv), naphthalene (10.6 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0827 44015 0 0.00    
1 0.0827 42595 0 0.00 1 0.00 0.00 
1 0.0827 43178 0 0.00    
1.5 0.0827 51075 887 1.52    
1.5 0.0827 51598 843 1.43 1.5 1.43 0.86 
1.5 0.0827 51434 785 1.34    
2 0.0827 47205 2522 4.69    
2 0.0827 45483 2499 4.82 2 4.76 2.87 
2 0.0827 45076 2457 4.78    
           
225 
2.5 0.0827 47048 5508 10.27    
2.5 0.0827 46780 5575 10.46 2.5 10.37 6.25 
2.5 0.0827 47967 5677 10.39    
3 0.0827 47010 8897 16.61    
3 0.0827 47227 8882 16.50 3 16.57 9.98 
3 0.0827 46284 8758 16.60    
3.5 0.0827 46271 11841 22.46    
3.5 0.0827 45916 11893 22.73 3.5 22.58 13.60 
3.5 0.0827 46343 11909 22.55    
4 0.0827 41435 13318 28.20    
4 0.0827 40812 13129 28.23 4 28.17 16.97 
4 0.0827 40737 13042 28.09    
4.5 0.0827 54731 20186 32.36    
4.5 0.0827 54394 20066 32.37 4.5 32.59 19.64 
4.5 0.0827 53431 20125 33.05    
5 0.0827 48392 20369 36.93    
5 0.0827 48316 20162 36.62 5 36.76 22.14 
5 0.0827 48980 20503 36.73    
5.5 0.0827 46914 22356 41.81    
5.5 0.0827 49372 22493 39.98 5.5 40.65 24.49 
5.5 0.0827 49783 22790 40.17    
6 0.0827 50629 25446 44.10    
6 0.0827 50283 25184 43.95 6 43.87 26.43 
6 0.0827 50850 25246 43.56    
 kobs = 8.27 x 10-2 mM/s  
 
Table 3, Entry 4b, Run 3 – Ph2XPhos(O) (2/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (14.4 mg, 0.030 mmol, 0.18 
equiv), naphthalene (9.6 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0749 42895 0 0.00    
1 0.0749 43180 0 0.00 1 0.00 0.00 
1 0.0749 42931 0 0.00    
1.5 0.0749 41325 1232 2.37    
1.5 0.0749 40335 1231 2.43 1.5 2.34 1.41 
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1.5 0.0749 40909 1138 2.21    
2 0.0749 48031 4270 7.06    
2 0.0749 47593 4257 7.11 2 7.04 4.24 
2 0.0749 48452 4242 6.96    
2.5 0.0749 41075 7112 13.76    
2.5 0.0749 40696 7089 13.84 2.5 13.87 8.35 
2.5 0.0749 40332 7106 14.00    
3 0.0749 41690 10928 20.83    
3 0.0749 42297 11278 21.19 3 20.95 12.62 
3 0.0749 41905 10991 20.84    
3.5 0.0749 32378 11006 27.01    
3.5 0.0749 32056 10852 26.90 3.5 27.02 16.28 
3.5 0.0749 31758 10844 27.14    
4 0.0749 47399 19409 32.54    
4 0.0749 46563 19139 32.66 4 32.55 19.61 
4 0.0749 47233 19278 32.44    
4.5 0.0749 45369 21188 37.11    
4.5 0.0749 44834 20916 37.07 4.5 37.21 22.42 
4.5 0.0749 45008 21207 37.44    
5 0.0749 43211 22737 41.82    
5 0.0749 42768 22375 41.58 5 41.72 25.13 
5 0.0749 43384 22804 41.77    
5.5 0.0749 48613 28568 46.70    
5.5 0.0749 49250 28737 46.37 5.5 46.13 27.79 
5.5 0.0749 50099 28562 45.31    
6 0.0749 50203 31751 50.26    
6 0.0749 49428 30968 49.79 6 50.14 30.21 
6 0.0749 49395 31317 50.38    
  kobs = 9.05 x 10-2 mM/s  
 
Table 3, Entry 4c, Run 1 – Ph2XPhos(O) (4/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (28.7 mg, 0.060 mmol, 0.36 
equiv), naphthalene (9.9 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
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time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0772 37517 0 0.00    
1 0.0772 38031 0 0.00 1 0.00 0.00 
1 0.0772 37797 0 0.00    
1.5 0.0772 41502 1027 2.03    
1.5 0.0772 42068 814 1.59 1.5 1.75 1.06 
1.5 0.0772 40995 824 1.65    
2 0.0772 45169 3024 5.49    
2 0.0772 43436 2926 5.52 2 5.46 3.29 
2 0.0772 44613 2931 5.38    
2.5 0.0772 43248 5848 11.08    
2.5 0.0772 43576 5831 10.97 2.5 10.94 6.59 
2.5 0.0772 43712 5750 10.78    
3 0.0772 37956 7931 17.12    
3 0.0772 39326 8032 16.74 3 16.95 10.21 
3 0.0772 38732 8023 16.98    
3.5 0.0772 38709 10723 22.70    
3.5 0.0772 39596 11085 22.94 3.5 22.84 13.76 
3.5 0.0772 39704 11084 22.88    
4 0.0772 45230 15009 27.20    
4 0.0772 44250 15480 28.67 4 27.99 16.86 
4 0.0772 44546 15277 28.11    
4.5 0.0772 45844 18311 32.73    
4.5 0.0772 45050 17545 31.92 4.5 32.18 19.38 
4.5 0.0772 44714 17394 31.88    
5 0.0772 43342 19296 36.49    
5 0.0772 43571 19104 35.93 5 36.19 21.80 
5 0.0772 43206 19064 36.16    
5.5 0.0772 46052 22124 39.37    
5.5 0.0772 47132 23047 40.07 5.5 39.85 24.01 
5.5 0.0772 47394 23197 40.11    
6 0.0772 50495 26758 43.43    
6 0.0772 49053 26706 44.62 6 43.98 26.49 
6 0.0772 49839 26692 43.89    
 kobs = 8.06 x 10-2 mM/s  
 
Table 3, Entry 4c, Run 2 – Ph2XPhos(O) (4/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39–  (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (28.7 mg, 0.060 mmol, 0.36 
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equiv), naphthalene (11.6 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0905 51939 0 0.00    
1 0.0905 52180 0 0.00 1 0.00 0.00 
1 0.0905 51880 0 0.00    
1.5 0.0905 46422 784 1.62    
1.5 0.0905 46364 762 1.58 1.5 1.57 0.95 
1.5 0.0905 46890 742 1.52    
2 0.0905 51834 2741 5.08    
2 0.0905 50760 2646 5.01 2 5.01 3.02 
2 0.0905 52206 2693 4.95    
2.5 0.0905 56662 5892 9.99    
2.5 0.0905 56991 5851 9.86 2.5 9.90 5.96 
2.5 0.0905 58833 6040 9.86    
3 0.0905 54284 9056 16.02    
3 0.0905 53576 8634 15.47 3 15.64 9.42 
3 0.0905 54268 8723 15.44    
3.5 0.0905 53607 11573 20.73    
3.5 0.0905 53819 12066 21.53 3.5 20.95 12.62 
3.5 0.0905 55804 11971 20.60    
4 0.0905 54019 14776 26.27    
4 0.0905 55496 15369 26.59 4 26.46 15.94 
4 0.0905 53026 14648 26.53    
4.5 0.0905 49255 15899 31.00    
4.5 0.0905 49015 15688 30.73 4.5 30.71 18.50 
4.5 0.0905 48271 15285 30.41    
5 0.0905 54292 19429 34.36    
5 0.0905 54834 20189 35.36 5 34.85 21.00 
5 0.0905 55668 20196 34.84    
5.5 0.0905 57894 23387 38.79    
5.5 0.0905 56323 22506 38.37 5.5 38.62 23.27 
5.5 0.0905 60875 24537 38.71    
6 0.0905 60627 26078 41.30    
6 0.0905 62286 27108 41.79 6 41.33 24.90 
6 0.0905 62205 26498 40.90    
 kobs = 7.76 x 10-2 mM/s 
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Table 3, Entry 4c, Run 3 – Ph2XPhos(O) (4/1 ligand/Pd) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), Ph2XPhos(O) (28.7 mg, 0.060 mmol, 0.36 
equiv), naphthalene (10.7 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0835 57885 0 0.00    
1 0.0835 56839 0 0.00 1 0.00 0.00 
1 0.0835 56653 0 0.00    
1.5 0.0835 64049 1211 1.67    
1.5 0.0835 65683 1182 1.59 1.5 1.65 0.99 
1.5 0.0835 64302 1212 1.67    
2 0.0835 53652 3254 5.37    
2 0.0835 55133 3236 5.20 2 5.24 3.16 
2 0.0835 55534 3234 5.16    
2.5 0.0835 58880 6856 10.31    
2.5 0.0835 58658 6853 10.35 2.5 10.33 6.22 
2.5 0.0835 60174 7014 10.32    
3 0.0835 46955 8527 16.09    
3 0.0835 46597 8610 16.37 3 16.15 9.73 
3 0.0835 46642 8421 15.99    
3.5 0.0835 57338 14000 21.63    
3.5 0.0835 56436 13627 21.39 3.5 21.71 13.08 
3.5 0.0835 55560 13876 22.12    
4 0.0835 59064 18332 27.49    
4 0.0835 57621 17570 27.01 4 27.14 16.35 
4 0.0835 60265 18322 26.93    
4.5 0.0835 59276 21096 31.52    
4.5 0.0835 59053 21492 32.24 4.5 31.78 19.15 
4.5 0.0835 57844 20633 31.59    
5 0.0835 58064 23677 36.12    
5 0.0835 56930 23784 37.00 5 36.72 22.12 
5 0.0835 56917 23790 37.02    
5.5 0.0835 38578 18197 41.78    
5.5 0.0835 37311 17629 41.85 5.5 41.73 25.14 
5.5 0.0835 37787 17728 41.56    
6 0.0835 64386 33809 46.51    
6 0.0835 65759 34817 46.90 6 46.65 28.10 
6 0.0835 67204 35318 46.55    
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 kobs = 8.52 x 10-2 mM/s  
 
Table 3, Entry 5, Run 1 – dppe(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (6.5 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10.3 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0804 36715 0 0.00    
1 0.0804 36658 0 0.00 1 0.00 0.00 
1 0.0804 24789 0 0.00    
1.5 0.0804 48655 2146 3.76    
1.5 0.0804 48581 2158 3.79 1.5 3.77 2.27 
1.5 0.0804 48110 2124 3.76    
2 0.0804 37127 3517 8.08    
2 0.0804 37910 3572 8.03 2 8.03 4.84 
2 0.0804 37724 3526 7.97    
2.5 0.0804 36388 5603 13.13    
2.5 0.0804 36800 5380 12.47 2.5 12.75 7.68 
2.5 0.0804 36958 5486 12.66    
3 0.0804 45094 8994 17.01    
3 0.0804 44576 9210 17.62 3 17.32 10.44 
3 0.0804 44937 9142 17.35    
3.5 0.0804 48750 12468 21.81    
3.5 0.0804 47963 12361 21.97 3.5 21.82 13.15 
3.5 0.0804 49154 12505 21.69    
4 0.0804 43305 12869 25.34    
4 0.0804 43261 12826 25.28 4 25.22 15.19 
4 0.0804 42702 12546 25.05    
4.5 0.0804 41478 13951 28.68    
4.5 0.0804 41378 13746 28.33 4.5 28.47 17.15 
4.5 0.0804 40928 13631 28.40    
5 0.0804 45046 16521 31.27    
5 0.0804 44875 16496 31.34 5 31.18 18.78 
5 0.0804 45267 16411 30.91    
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5.5 0.0804 39647 15705 33.77    
5.5 0.0804 39617 15791 33.99 5.5 33.84 20.39 
5.5 0.0804 39300 15565 33.77    
6 0.0804 46273 19723 36.34    
6 0.0804 47126 19961 36.12 6 36.08 21.74 
6 0.0804 47044 19750 35.80    
 kobs = 6.20 x 10-2 mM/s  
 
Table 3, Entry 5, Run 2 – dppe(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (6.5 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (13.1 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.102 43356 0 0.00    
1 0.102 42857 0 0.00 1 0.00 0.00 
1 0.102 43375 0 0.00    
1.5 0.102 58525 1327 2.46    
1.5 0.102 58694 1354 2.50 1.5 2.44 1.47 
1.5 0.102 58493 1275 2.36    
2 0.102 71180 3979 6.06    
2 0.102 70313 3831 5.91 2 5.99 3.61 
2 0.102 70882 3919 6.00    
2.5 0.102 82110 8023 10.60    
2.5 0.102 83033 8020 10.47 2.5 10.56 6.36 
2.5 0.102 82855 8110 10.61    
3 0.102 64089 8718 14.75    
3 0.102 64421 8935 15.04 3 14.99 9.03 
3 0.102 63353 8862 15.17    
3.5 0.102 73003 13167 19.56    
3.5 0.102 73512 13077 19.29 3.5 19.44 11.71 
3.5 0.102 72769 13065 19.47    
4 0.102 68799 14614 23.03    
4 0.102 68787 14813 23.35 4 23.27 14.02 
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4 0.102 68566 14816 23.43    
4.5 0.102 69882 17317 26.87    
4.5 0.102 68993 17100 26.88 4.5 26.85 16.17 
4.5 0.102 68252 16858 26.78    
5 0.102 63029 17461 30.04    
5 0.102 63246 17180 29.46 5 29.66 17.87 
5 0.102 64052 17421 29.49    
5.5 0.102 73812 22261 32.71    
5.5 0.102 73009 22328 33.16 5.5 32.75 19.73 
5.5 0.102 72917 21767 32.37    
6 0.102 58727 19046 35.17    
6 0.102 58815 19132 35.28 6 35.18 21.19 
6 0.102 58053 18787 35.09    
 kobs = 6.20 x 10-2 mM/s 
 
Table 3, Entry 5, Run 3 – dppe(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (6.5 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10.9 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.085 32082 0 0.00    
1 0.085 32862 0 0.00 1 0.00 0.00 
1 0.085 33512 0 0.00    
1.5 0.085 43299 1005 2.09    
1.5 0.085 43023 969 2.03 1.5 2.04 1.23 
1.5 0.085 42479 943 2.00    
2 0.085 51950 2877 5.00    
2 0.085 53333 2938 4.97 2 4.98 3.00 
2 0.085 53058 2921 4.97    
2.5 0.085 33830 3315 8.84    
2.5 0.085 34012 3361 8.92 2.5 8.94 5.38 
2.5 0.085 34070 3419 9.05    
3 0.085 52533 7707 13.24    
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3 0.085 52142 7706 13.34 3 13.40 8.07 
3 0.085 52208 7889 13.63    
3.5 0.085 59769 11528 17.40    
3.5 0.085 59610 11545 17.48 3.5 17.46 10.52 
3.5 0.085 60111 11654 17.49    
4 0.085 53796 12902 21.64    
4 0.085 53059 12966 22.05 4 21.74 13.10 
4 0.085 54175 12925 21.53    
4.5 0.085 47425 13353 25.41    
4.5 0.085 47621 13232 25.07 4.5 25.30 15.24 
4.5 0.085 47450 13363 25.41    
5 0.085 58518 18495 28.52    
5 0.085 56916 18445 29.24 5 28.84 17.37 
5 0.085 57634 18363 28.75    
5.5 0.085 58876 20398 31.26    
5.5 0.085 59173 20644 31.48 5.5 31.38 18.91 
5.5 0.085 59405 20682 31.41    
6 0.085 54495 20413 33.80    
6 0.085 54288 20092 33.39 6 33.55 20.21 
6 0.085 54112 20056 33.44    
 kobs = 6.03 x 10-2 mM/s 
 
Table 3, Entry 6, Run 1 – dppm(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppm(O)2 (6.2 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (9.9 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0772 29637 0 0.00    
1 0.0772 29739 0 0.00 1 0.00 0.00 
1 0.0772 29720 0 0.00    
1.5 0.0772 39428 701 1.46    
1.5 0.0772 39151 728 1.52 1.5 1.48 0.89 
1.5 0.0772 39428 701 1.46    
2 0.0772 43909 2034 3.80    
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2 0.0772 44002 2046 3.81 2 3.82 2.30 
2 0.0772 43037 2023 3.85    
2.5 0.0772 41099 3376 6.73    
2.5 0.0772 40608 3294 6.65 2.5 6.67 4.02 
2.5 0.0772 41092 3331 6.64    
3 0.0772 40728 4754 9.57    
3 0.0772 41048 4718 9.42 3 9.53 5.74 
3 0.0772 39382 4615 9.60    
3.5 0.0772 33538 4935 12.06    
3.5 0.0772 33437 4960 12.16 3.5 12.17 7.33 
3.5 0.0772 33866 5076 12.28    
4 0.0772 33481 6199 15.17    
4 0.0772 33733 6172 14.99 4 14.96 9.01 
4 0.0772 33676 6050 14.72    
4.5 0.0772 35840 7515 17.18    
4.5 0.0772 35622 7725 17.77 4.5 17.50 10.54 
4.5 0.0772 35330 7560 17.54    
5 0.0772 43116 10615 20.18    
5 0.0772 42742 10367 19.88 5 20.14 12.13 
5 0.0772 42166 10477 20.36    
5.5 0.0772 39694 10772 22.24    
5.5 0.0772 39479 11028 22.89 5.5 22.70 13.67 
5.5 0.0772 39036 10934 22.96    
6 0.0772 33059 9833 24.38    
6 0.0772 33071 9721 24.09 6 24.26 14.61 
6 0.0772 33238 9857 24.30    
 kobs = 4.27 x 10-2 mM/s 
 
Table 3, Entry 6, Run 2 – dppm(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppm(O)2 (6.2 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10.7 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
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time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0835 36900 0 0.00    
1 0.0835 37357 0 0.00 1 0.00 0.00 
1 0.0835 37801 0 0.00    
1.5 0.0835 35343 0 0.00    
1.5 0.0835 34901 0 0.00 1.5 0.00 0.00 
1.5 0.0835 35274 0 0.00    
2 0.0835 41548 1532 3.27    
2 0.0835 41257 1556 3.34 2 3.28 1.98 
2 0.0835 41090 1499 3.23    
2.5 0.0835 51244 3485 6.02    
2.5 0.0835 51645 3498 6.00 2.5 6.03 3.63 
2.5 0.0835 51699 3544 6.07    
3 0.0835 38531 3904 8.97    
3 0.0835 38728 3935 9.00 3 8.93 5.38 
3 0.0835 39256 3908 8.82    
3.5 0.0835 39556 5114 11.45    
3.5 0.0835 40046 5164 11.42 3.5 11.39 6.86 
3.5 0.0835 39436 5034 11.31    
4 0.0835 27682 4294 13.74    
4 0.0835 39884 6300 13.99 4 13.93 8.39 
4 0.0835 40068 6354 14.05    
4.5 0.0835 41107 7488 16.13    
4.5 0.0835 41237 7526 16.17 4.5 16.13 9.72 
4.5 0.0835 40694 7392 16.09    
5 0.0835 46479 9438 17.99    
5 0.0835 46318 9386 17.95 5 17.94 10.81 
5 0.0835 46212 9337 17.90    
5.5 0.0835 36679 8038 19.41    
5.5 0.0835 36984 8151 19.52 5.5 19.56 11.78 
5.5 0.0835 36736 8193 19.75    
6 0.0835 40511 9804 21.44    
6 0.0835 39597 9851 22.04 6 21.80 13.13 
6 0.0835 40220 9954 21.92    
 kobs = 3.89 x 10-2 mM/s 
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Table 3, Entry 6, Run 3 – dppm(O)2 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppm(O)2 (6.2 mg, 0.015 mmol, 0.090 equiv), 
naphthalene (10.4 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0811 37071 0 0.00    
1 0.0811 37033 0 0.00 1 0.00 0.00 
1 0.0811 37452 0 0.00    
1.5 0.0811 45115 0 0.00    
1.5 0.0811 46271 0 0.00 1.5 0.00 0.00 
1.5 0.0811 46579 0 0.00    
2 0.0811 48242 1523 2.72    
2 0.0811 47346 1468 2.67 2 2.70 1.63 
2 0.0811 47572 1505 2.72    
2.5 0.0811 46118 2668 4.98    
2.5 0.0811 46881 2685 4.93 2.5 4.98 3.00 
2.5 0.0811 46441 2707 5.02    
3 0.0811 46288 4146 7.71    
3 0.0811 46636 4140 7.64 3 7.67 4.62 
3 0.0811 46380 4131 7.67    
3.5 0.0811 52264 6088 10.03    
3.5 0.0811 51760 6088 10.13 3.5 10.03 6.04 
3.5 0.0811 52513 6064 9.94    
4 0.0811 57169 8352 12.58    
4 0.0811 56257 8221 12.58 4 12.59 7.59 
4 0.0811 57285 8396 12.62    
4.5 0.0811 43238 7584 15.10    
4.5 0.0811 43117 7580 15.14 4.5 15.11 9.10 
4.5 0.0811 43180 7568 15.09    
5 0.0811 42157 8633 17.63    
5 0.0811 42452 8805 17.86 5 17.84 10.75 
5 0.0811 41361 8662 18.03    
5.5 0.0811 49417 11520 20.07    
5.5 0.0811 49106 11582 20.31 5.5 20.17 12.15 
5.5 0.0811 50100 11722 20.14    
6 0.0811 47322 12194 22.18    
6 0.0811 45994 12076 22.60 6 22.40 13.49 
6 0.0811 47237 12294 22.41    
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 kobs = 3.98 x 10-2 mM/s 
 
Table 4, Entry 2, Run 1 – 2.0 equiv dppe(O)2 per Pd 
 Following General Procedure V, a mixture of silanolate Cs+39–  (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (13.0 mg, 0.030 mmol, 0.18 equiv), 
naphthalene (10.9 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.085 24115 0 0.00    
1 0.085 35195 0 0.00 1 0.00 0.00 
1 0.085 35698 0 0.00    
1.5 0.085 30680 829 2.44    
1.5 0.085 30940 843 2.46 1.5 2.43 1.47 
1.5 0.085 31285 833 2.40    
2 0.085 48262 3052 5.71    
2 0.085 47786 3028 5.72 2 5.71 3.44 
2 0.085 47210 2987 5.71    
2.5 0.085 30687 3343 9.83    
2.5 0.085 30923 3370 9.83 2.5 9.84 5.93 
2.5 0.085 30802 3361 9.85    
3 0.085 41914 6329 13.62    
3 0.085 42063 6412 13.75 3 13.71 8.26 
3 0.085 41777 6367 13.75    
3.5 0.085 39922 7787 17.60    
3.5 0.085 40296 7843 17.56 3.5 17.64 10.63 
3.5 0.085 39791 7831 17.76    
4 0.085 59885 13703 20.65    
4 0.085 59831 13982 21.09 4 20.99 12.64 
4 0.085 59726 14052 21.23    
4.5 0.085 44890 11989 24.10    
4.5 0.085 43928 11942 24.53 4.5 24.20 14.58 
4.5 0.085 44423 11808 23.98    
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5 0.085 51384 15347 26.95    
5 0.085 52371 15332 26.42 5 26.59 16.02 
5 0.085 52450 15355 26.42    
5.5 0.085 34871 10881 28.16    
5.5 0.085 33709 10958 29.33 5.5 28.80 17.35 
5.5 0.085 34472 11045 28.91    
6 0.085 59685 20334 30.74    
6 0.085 59215 19875 30.29 6 30.60 18.43 
6 0.085 58598 19980 30.77    
 kobs = 5.41 x 10-2 mM/s 
 
Table 4, Entry 2, Run 2 – 2.0 equiv dppe(O)2 per Pd 
 Following General Procedure V, a mixture of silanolate Cs+39–  (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (13.0 mg, 0.030 mmol, 0.18 equiv), 
naphthalene (12.7 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0991 36573 0 0.00    
1 0.0991 36377 0 0.00 1 0.00 0.00 
1 0.0991 36351 0 0.00    
1.5 0.0991 49814 758 1.34    
1.5 0.0991 51111 756 1.30 1.5 1.35 0.81 
1.5 0.0991 50758 819 1.42    
2 0.0991 52911 2085 3.46    
2 0.0991 52381 2107 3.53 2 3.51 2.12 
2 0.0991 51699 2089 3.55    
2.5 0.0991 55071 4192 6.68    
2.5 0.0991 56584 4200 6.51 2.5 6.60 3.98 
2.5 0.0991 55928 4217 6.62    
3 0.0991 41959 4985 10.42    
3 0.0991 41858 4958 10.39 3 10.34 6.23 
3 0.0991 42525 4949 10.21    
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3.5 0.0991 46799 7442 13.95    
3.5 0.0991 47988 7541 13.79 3.5 13.81 8.32 
3.5 0.0991 47717 7447 13.69    
4 0.0991 52872 10700 17.76    
4 0.0991 53332 10927 17.98 4 17.76 10.70 
4 0.0991 53726 10737 17.54    
4.5 0.0991 47156 11304 21.03    
4.5 0.0991 47250 11349 21.08 4.5 21.01 12.66 
4.5 0.0991 47136 11238 20.92    
5 0.0991 44286 12152 24.08    
5 0.0991 43738 12011 24.10 5 24.11 14.52 
5 0.0991 44179 12159 24.15    
5.5 0.0991 40009 12045 26.42    
5.5 0.0991 39915 12050 26.49 5.5 26.40 15.91 
5.5 0.0991 40717 12207 26.31    
6 0.0991 46662 15050 28.30    
6 0.0991 44554 14861 29.27 6 28.73 17.30 
6 0.0991 45826 14941 28.61    
 kobs = 5.18 x 10-2 mM/s 
 
Table 4, Entry 2, Run 3 – 2.0 equiv dppe(O)2 per Pd 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (13.0 mg, 0.030 mmol, 0.18 equiv), 
naphthalene (10.6 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0827 36573 0 0.00    
1 0.0827 36377 0 0.00 1 0.00 0.00 
1 0.0827 36351 0 0.00    
1.5 0.0827 49814 758 1.34    
1.5 0.0827 51111 756 1.30 1.5 0.00 0.00 
1.5 0.0827 50758 819 1.42    
2 0.0827 52911 2085 3.46    
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2 0.0827 52381 2107 3.53 2 4.84 2.92 
2 0.0827 51699 2089 3.55    
2.5 0.0827 55071 4192 6.68    
2.5 0.0827 56584 4200 6.51 2.5 8.39 5.05 
2.5 0.0827 55928 4217 6.62    
3 0.0827 41959 4985 10.42    
3 0.0827 41858 4958 10.39 3 12.14 7.31 
3 0.0827 42525 4949 10.21    
3.5 0.0827 46799 7442 13.95    
3.5 0.0827 47988 7541 13.79 3.5 15.94 9.60 
3.5 0.0827 47717 7447 13.69    
4 0.0827 52872 10700 17.76    
4 0.0827 53332 10927 17.98 4 19.13 11.52 
4 0.0827 53726 10737 17.54    
4.5 0.0827 47156 11304 21.03    
4.5 0.0827 47250 11349 21.08 4.5 23.88 14.39 
4.5 0.0827 47136 11238 20.92    
5 0.0827 44286 12152 24.08    
5 0.0827 43738 12011 24.10 5 24.47 14.74 
5 0.0827 44179 12159 24.15    
5.5 0.0827 40009 12045 26.42    
5.5 0.0827 39915 12050 26.49 5.5 27.14 16.35 
5.5 0.0827 40717 12207 26.31    
6 0.0827 46662 15050 28.30    
6 0.0827 44554 14861 29.27 6 28.69 17.28 
6 0.0827 45826 14941 28.61    
 kobs = 5.29 x 10-2 mM/s 
 
Table 4, Entry 3, Run 1 – 4.0 equiv dppe(O)2 per Pd 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppe(O)2 (26.0 mg, 0.060 mmol, 0.36 equiv), 
naphthalene (14.0 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved in dry 
benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
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time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.109 52930 0 0.00    
1 0.109 52741 0 0.00 1 0.00 0.00 
1 0.109 53321 0 0.00    
1.5 0.109 55437 903 1.89    
1.5 0.109 54790 873 1.85 1.5 2.30 1.39 
1.5 0.109 55617 903 1.88    
2 0.109 52863 2391 5.24    
2 0.109 54608 2453 5.21 2 4.90 2.95 
2 0.109 54211 2379 5.09    
2.5 0.109 59470 4427 8.63    
2.5 0.109 59212 4426 8.66 2.5 8.27 4.98 
2.5 0.109 60037 4425 8.54    
3 0.109 75999 8156 12.44    
3 0.109 77109 8643 12.99 3 11.51 6.93 
3 0.109 77448 7963 11.92    
3.5 0.109 60049 7538 14.55    
3.5 0.109 62055 7602 14.20 3.5 14.70 8.86 
3.5 0.109 60578 7587 14.51    
4 0.109 56854 8126 16.56    
4 0.109 57123 8124 16.48 4 17.71 10.67 
4 0.109 56654 8033 16.43    
4.5 0.109 54046 8602 18.45    
4.5 0.109 54171 8638 18.48 4.5 20.77 12.51 
4.5 0.109 54598 8842 18.77    
5 0.109 54838 9815 20.74    
5 0.109 54904 9877 20.85 5 22.70 13.67 
5 0.109 54629 9814 20.82    
5.5 0.109 50159 9679 22.36    
5.5 0.109 49672 9678 22.58 5.5 25.05 15.09 
5.5 0.109 49864 9689 22.52    
6 0.109 62435 12867 23.88    
6 0.109 62114 12777 23.84 6 26.94 16.23 
6 0.109 61637 12938 24.33    
kobs = 4.20 x 10-2 mM/s 
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Figure 7– 1.0 equiv dppbenzene(O)2 per Pd (Run 1) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (7.1 mg, 0.015 mmol, 0.090 
equiv), naphthalene (10.3 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0804 23727 0 0.00    
1 0.0804 23935 0 0.00 1 0.00 0.00 
1 0.0804 24236 0 0.00    
1.5 0.0804 45505 863 1.62    
1.5 0.0804 44817 805 1.53 1.5 1.53 0.92 
1.5 0.0804 45246 763 1.44    
2 0.0804 48225 6518 11.52    
2 0.0804 48622 6632 11.63 2 11.59 6.98 
2 0.0804 47434 6462 11.62    
2.5 0.0804 45426 15936 29.91    
2.5 0.0804 45979 16262 30.16 2.5 29.82 17.96 
2.5 0.0804 45819 15797 29.40    
3 0.0804 51374 23132 38.39    
3 0.0804 51318 22848 37.96 3 38.18 23.00 
3 0.0804 50471 22613 38.20    
3.5 0.0804 35917 17468 41.47    
3.5 0.0804 35426 17254 41.53 3.5 41.83 25.20 
3.5 0.0804 35176 17534 42.50    
4 0.0804 57353 30149 44.82    
4 0.0804 56717 29656 44.58 4 44.91 27.06 
4 0.0804 55731 29633 45.34    
4.5 0.0804 46628 25500 46.63    
4.5 0.0804 46684 25787 47.10 4.5 46.88 28.24 
4.5 0.0804 46316 25478 46.90    
5 0.0804 37165 21355 48.99    
5 0.0804 37621 21537 48.81 5 48.85 29.43 
5 0.0804 37671 21531 48.73    
5.5 0.0804 42446 25359 50.94    
5.5 0.0804 41528 24733 50.78 5.5 50.91 30.67 
5.5 0.0804 42659 25522 51.01    
6 0.0804 27919 16822 51.37    
6 0.0804 27727 17247 53.04 6 52.34 31.53 
6 0.0804 28513 17593 52.61    
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Figure 7– 1.0 equiv dppbenzene(O)2 per Pd (Run 2) 
 Following General Procedure V, a mixture of silanolate Cs+39–  (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (7.1 mg, 0.015 mmol, 0.090 
equiv), naphthalene (11.4 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0889 40416 0 0.00    
1 0.0889 40924 0 0.00 1 0.00 0.00 
1 0.0889 40436 0 0.00    
1.5 0.0889 44764 0 0.00    
1.5 0.0889 45366 0 0.00 1.5 0.00 0.00 
1.5 0.0889 44839 0 0.00    
2 0.0889 38952 1438 3.48    
2 0.0889 39599 1418 3.38 2 3.41 2.06 
2 0.0889 39001 1397 3.38    
2.5 0.0889 42634 6982 15.45    
2.5 0.0889 42585 6924 15.34 2.5 15.44 9.30 
2.5 0.0889 41298 6793 15.52    
3 0.0889 43728 15643 33.76    
3 0.0889 43363 15367 33.44 3 33.72 20.31 
3 0.0889 16034 5770 33.96    
3.5 0.0889 15403 6599 40.43    
3.5 0.0889 41754 18023 40.73 3.5 40.20 24.21 
3.5 0.0889 41443 17312 39.42    
4 0.0889 29747 13867 43.99    
4 0.0889 30166 14093 44.09 4 44.31 26.69 
4 0.0889 30012 14266 44.86    
4.5 0.0889 51090 25133 46.42    
4.5 0.0889 50885 25187 46.71 4.5 46.47 28.00 
4.5 0.0889 49825 24437 46.28    
5 0.0889 41613 21684 49.17    
5 0.0889 41550 20809 47.26 5 48.37 29.14 
5 0.0889 41419 21360 48.67    
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5.5 0.0889 49989 26664 50.34    
5.5 0.0889 50747 27440 51.03 5.5 50.44 30.39 
5.5 0.0889 49707 26312 49.95    
6 0.0889 49870 27892 52.78    
6 0.0889 49354 27293 52.19 6 52.59 31.68 
6 0.0889 49132 27487 52.80    
 
 
Figure 7– 1.0 equiv dppbenzene(O)2 per Pd (Run 3) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (7.1 mg, 0.015 mmol, 0.090 
equiv), naphthalene (11.0 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0858 45635 0 0.00    
1 0.0858 45638 0 0.00 1 0.00 0.00 
1 0.0858 44521 0 0.00    
1.5 0.0858 39574 0 0.00    
1.5 0.0858 39682 0 0.00 1.5 0.00 0.00 
1.5 0.0858 39113 0 0.00    
2 0.0858 45578 1690 3.38    
2 0.0858 45670 1709 3.41 2 3.39 2.04 
2 0.0858 44998 1667 3.37    
2.5 0.0858 45440 8684 17.40    
2.5 0.0858 45681 8721 17.38 2.5 17.41 10.49 
2.5 0.0858 45690 8758 17.45    
3 0.0858 48086 19259 36.47    
3 0.0858 47828 19252 36.65 3 36.75 22.14 
3 0.0858 48586 19802 37.11    
3.5 0.0858 46568 22408 43.82    
3.5 0.0858 46596 22169 43.32 3.5 43.67 26.31 
3.5 0.0858 47091 22691 43.88    
4 0.0858 57101 29672 47.32    
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4 0.0858 56747 29895 47.97 4 47.73 28.75 
4 0.0858 55324 29100 47.90    
4.5 0.0858 54049 29910 50.39    
4.5 0.0858 55069 30479 50.40 4.5 50.58 30.47 
4.5 0.0858 54601 30553 50.95    
5 0.0858 55336 31931 52.54    
5 0.0858 56828 32264 51.70 5 52.14 31.41 
5 0.0858 57039 32678 52.17    
5.5 0.0858 53151 31387 53.77    
5.5 0.0858 53565 31535 53.61 5.5 53.83 32.42 
5.5 0.0858 53630 31860 54.10    
6 0.0858 49829 30781 56.25    
6 0.0858 49958 31338 57.12 6 56.81 34.22 
6 0.0858 49602 31083 57.06    
 
 
Figure 7– 2.0 equiv dppbenzene(O)2 per Pd (Run 1) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (14.2 mg, 0.030 mmol, 0.18 
equiv), naphthalene (11.5 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0897 41531 0 0.00    
1 0.0897 42747 0 0.00 1 0.00 0.00 
1 0.0897 43074 0 0.00    
1.5 0.0897 47705 0 0.00    
1.5 0.0897 48363 0 0.00 1.5 0.00 0.00 
1.5 0.0897 49417 0 0.00    
2 0.0897 44635 3394 7.24    
2 0.0897 44796 3236 6.88 2 6.97 4.20 
2 0.0897 46193 3298 6.80    
2.5 0.0897 41593 8032 18.38    
2.5 0.0897 42435 8191 18.38 2.5 18.36 11.06 
           
246 
2.5 0.0897 42917 8262 18.33    
3 0.0897 40825 11060 25.79    
3 0.0897 42104 11258 25.45 3 25.47 15.34 
3 0.0897 41605 10994 25.16    
3.5 0.0897 53427 16960 30.22    
3.5 0.0897 54255 17165 30.12 3.5 29.91 18.02 
3.5 0.0897 54873 16947 29.40    
4 0.0897 45615 16469 34.37    
4 0.0897 47638 16863 33.70 4 34.05 20.51 
4 0.0897 47250 16910 34.07    
4.5 0.0897 41725 16900 38.56    
4.5 0.0897 42766 16479 36.68 4.5 37.43 22.55 
4.5 0.0897 42738 16628 37.04    
5 0.0897 43183 17936 39.54    
5 0.0897 42904 18251 40.50 5 40.02 24.11 
5 0.0897 44036 18520 40.04    
5.5 0.0897 39687 17768 42.62    
5.5 0.0897 39604 17450 41.95 5.5 42.47 25.58 
5.5 0.0897 39194 17634 42.83    
6 0.0897 45423 21734 45.55    
6 0.0897 45356 21611 45.36 6 45.43 27.37 
6 0.0897 45345 21611 45.37    
 
 
Figure 7– 2.0 equiv dppbenzene(O)2 per Pd (Run 2) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (14.2 mg, 0.030 mmol, 0.18 
equiv), naphthalene (10.9 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.085 42783 0 0.00    
1 0.085 43322 0 0.00 1 0.00 0.00 
1 0.085 43079 0 0.00    
1.5 0.085 42658 0 0.00    
1.5 0.085 42327 0 0.00 1.5 0.00 0.00 
1.5 0.085 42516 0 0.00    
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2 0.085 49475 965 1.76    
2 0.085 49235 979 1.79 2 1.78 1.07 
2 0.085 48819 970 1.79    
2.5 0.085 48712 5043 9.34    
2.5 0.085 48685 5044 9.35 2.5 9.42 5.67 
2.5 0.085 49314 5230 9.57    
3 0.085 39833 8304 18.81    
3 0.085 41278 8815 19.27 3 19.09 11.50 
3 0.085 39635 8434 19.20    
3.5 0.085 53376 15146 25.60    
3.5 0.085 52811 15066 25.74 3.5 25.72 15.49 
3.5 0.085 52840 15111 25.80    
4 0.085 49809 17126 31.02    
4 0.085 49485 16727 30.50 4 30.93 18.63 
4 0.085 48536 16824 31.28    
4.5 0.085 52530 20822 35.77    
4.5 0.085 52817 21098 36.04 4.5 35.77 21.55 
4.5 0.085 52221 20544 35.50    
5 0.085 47847 21463 40.48    
5 0.085 47218 21089 40.30 5 40.57 24.44 
5 0.085 46872 21271 40.95    
5.5 0.085 50268 24965 44.81    
5.5 0.085 50021 24747 44.64 5.5 44.90 27.05 
5.5 0.085 49249 24691 45.24    
6 0.085 48892 25950 47.89    
6 0.085 48630 25985 48.21 6 48.30 29.10 
6 0.085 48380 26167 48.80    
 
 
Figure 7– 2.0 equiv dppbenzene(O)2 per Pd (Run 3) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (14.2 mg, 0.030 mmol, 0.18 
equiv), naphthalene (9.3 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
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time 
mmol 
naph 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0726    
1 0.0726 1 0.00 0.00 
1 0.0726    
1.5 0.0726    
1.5 0.0726 1.5 0.00 0.00 
1.5 0.0726    
2 0.0726    
2 0.0726 2 6.33 3.81 
2 0.0726    
2.5 0.0726    
2.5 0.0726 2.5 19.92 12.00 
2.5 0.0726    
3 0.0726    
3 0.0726 3 29.58 17.82 
3 0.0726    
3.5 0.0726    
3.5 0.0726 3.5 35.15 21.17 
3.5 0.0726    
4 0.0726    
4 0.0726 4 41.00 24.70 
4 0.0726    
4.5 0.0726    
4.5 0.0726 4.5 47.29 28.49 
4.5 0.0726    
5 0.0726    
5 0.0726 5 52.34 31.53 
5 0.0726    
5.5 0.0726    
5.5 0.0726 5.5 57.69 34.75 
5.5 0.0726    
6 0.0726    
6 0.0726 6 62.71 37.78 
6 0.0726    
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Figure 7– 4.0 equiv dppbenzene(O)2 per Pd (Run 1) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (14.2 mg, 0.030 mmol, 0.18 
equiv), naphthalene (10.9 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0765 44529 0 0.00    
1 0.0765 43963 0 0.00 1 0.00 0.00 
1 0.0765 45640 0 0.00    
1.5 0.0765 51243 955 1.51    
1.5 0.0765 52249 943 1.46 1.5 1.52 0.91 
1.5 0.0765 52278 1016 1.58    
2 0.0765 47854 4981 8.44    
2 0.0765 48654 5009 8.35 2 8.44 5.09 
2 0.0765 49149 5167 8.53    
2.5 0.0765 50572 10590 16.99    
2.5 0.0765 49786 10430 17.00 2.5 17.08 10.29 
2.5 0.0765 50711 10792 17.26    
3 0.0765 42331 12589 24.13    
3 0.0765 41466 12068 23.61 3 23.65 14.25 
3 0.0765 42656 12201 23.20    
3.5 0.0765 40558 14324 28.65    
3.5 0.0765 41161 14611 28.80 3.5 28.69 17.28 
3.5 0.0765 40339 14233 28.62    
4 0.0765 43060 18077 34.06    
4 0.0765 42453 17719 33.86 4 34.00 20.48 
4 0.0765 42264 17763 34.10    
4.5 0.0765 32823 15910 39.32    
4.5 0.0765 33510 16387 39.67 4.5 39.90 24.03 
4.5 0.0765 32551 16328 40.69    
5 0.0765 44054 24393 44.92    
5 0.0765 43134 24189 45.49 5 45.14 27.19 
5 0.0765 43281 24016 45.02    
5.5 0.0765 41266 24951 49.05    
5.5 0.0765 42156 25828 49.70 5.5 49.55 29.85 
5.5 0.0765 41524 25542 49.90    
6 0.0765 32938 22525 55.48    
6 0.0765 32359 21531 53.98 6 54.69 32.94 
6 0.0765 32961 22185 54.60    
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kobs = 9.7 x 10-2 mM/s 
 
Figure 7– 4.0 equiv dppbenzene(O)2 per Pd (Run 2) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (14.2 mg, 0.030 mmol, 0.18 
equiv), naphthalene (10.2 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0796 54981 0 0.00    
1 0.0796 55444 0 0.00 1 0.00 0.00 
1 0.0796 54089 0 0.00    
1.5 0.0796 42087 0 0.00    
1.5 0.0796 42411 0 0.00 1.5 0.00 0.00 
1.5 0.0796 41197 0 0.00    
2 0.0796 42626 1316 2.61    
2 0.0796 42407 1190 2.37 2 2.43 1.46 
2 0.0796 42468 1163 2.31    
2.5 0.0796 43917 5415 10.41    
2.5 0.0796 44274 5427 10.35 2.5 10.41 6.27 
2.5 0.0796 44937 5578 10.48    
3 0.0796 50743 10550 17.56    
3 0.0796 50681 10516 17.52 3 17.49 10.54 
3 0.0796 51033 10522 17.41    
3.5 0.0796 39134 10565 22.80    
3.5 0.0796 38662 10543 23.03 3.5 22.83 13.75 
3.5 0.0796 39885 10709 22.67    
4 0.0796 47604 15895 28.19    
4 0.0796 47658 16056 28.45 4 28.38 17.10 
4 0.0796 46165 15588 28.51    
4.5 0.0796 32108 12772 33.59    
4.5 0.0796 32483 12874 33.46 4.5 33.42 20.13 
4.5 0.0796 32781 12888 33.20    
5 0.0796 46923 20596 37.06    
5 0.0796 47479 21315 37.91 5 37.87 22.81 
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5 0.0796 49306 22565 38.64    
5.5 0.0796 28376 14242 42.38    
5.5 0.0796 28629 14424 42.54 5.5 42.50 25.60 
5.5 0.0796 28697 14474 42.59    
6 0.0796 44069 25097 48.09    
6 0.0796 43621 24814 48.03 6 47.95 28.88 
6 0.0796 43948 24837 47.72    
kobs = 9.12 x 10-2 mM/s 
 
Figure 7– 4.0 equiv dppbenzene(O)2 per Pd (Run 3) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (14.2 mg, 0.030 mmol, 0.18 
equiv), naphthalene (9.4 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. Aliquots of the 
mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0733 31850 0 0.00    
1 0.0733 31601 0 0.00 1 0.00 0.00 
1 0.0733 32052 0 0.00    
1.5 0.0733 25430 0 0.00    
1.5 0.0733 25453 0 0.00 1.5 0.00 0.00 
1.5 0.0733 25418 0 0.00    
2 0.0733 26471 3027 8.90    
2 0.0733 26490 3031 8.90 2 8.92 5.37 
2 0.0733 26662 3072 8.97    
2.5 0.0733 26404 6029 17.77    
2.5 0.0733 26296 5970 17.67 2.5 17.69 10.66 
2.5 0.0733 26309 5964 17.64    
3 0.0733 21181 6514 23.93    
3 0.0733 21131 6476 23.85 3 23.92 14.41 
3 0.0733 21192 6528 23.97    
3.5 0.0733 22168 8417 29.55    
3.5 0.0733 22148 8388 29.47 3.5 29.52 17.78 
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3.5 0.0733 22265 8452 29.54    
4 0.0733 21545 9548 34.48    
4 0.0733 21737 9615 34.42 4 34.57 20.83 
4 0.0733 22069 9872 34.81    
4.5 0.0733 6162 3009 38.00    
4.5 0.0733 6303 3148 38.86 4.5 38.52 23.20 
4.5 0.0733 6245 3105 38.69    
5 0.0733 28281 16366 45.03    
5 0.0733 27747 15925 44.66 5 45.26 27.26 
5 0.0733 28017 16594 46.09    
5.5 0.0733 19850 12575 49.30    
5.5 0.0733 19576 12306 48.92 5.5 49.71 29.94 
5.5 0.0733 19906 13023 50.91    
6 0.0733 33819 23733 54.61    
6 0.0733 33925 24002 55.05 6 54.94 33.10 
6 0.0733 33695 23889 55.17    
kobs = 9.77 x 10-2 mM/s 
 
 
Figure 7– 0.50 equiv dppbenzene(O)2 per Pd (Run 1) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (3.6 mg, 0.0075 mmol, 0.045 
equiv), naphthalene (11.3 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0882 48593 0 0.00    
1 0.0882 49213 0 0.00 1 0.00 0.00 
1 0.0882 48327 0 0.00    
1.5 0.0882 45617 0 0.00    
1.5 0.0882 45547 0 0.00 1.5 0.00 0.00 
1.5 0.0882 45895 0 0.00    
2 0.0882 39804 1766 4.15    
           
253 
2 0.0882 40066 1751 4.09 2 4.13 2.49 
2 0.0882 39568 1750 4.14    
2.5 0.0882 46892 15402 30.72    
2.5 0.0882 46688 15330 30.71 2.5 30.66 18.47 
2.5 0.0882 46541 15191 30.53    
3 0.0882 45054 22684 47.10    
3 0.0882 44463 22197 46.70 3 46.86 28.23 
3 0.0882 45227 22622 46.79    
3.5 0.0882 46413 26869 54.15    
3.5 0.0882 46926 26961 53.74 3.5 54.06 32.57 
3.5 0.0882 46842 27184 54.29    
4 0.0882 46812 30642 61.23    
4 0.0882 45654 30237 61.95 4 61.37 36.97 
4 0.0882 46680 30408 60.93    
4.5 0.0882 48054 32619 63.50    
4.5 0.0882 48400 33113 64.00 4.5 63.89 38.49 
4.5 0.0882 47665 32698 64.17    
5 0.0882 48622 34918 67.18    
5 0.0882 48692 35153 67.53 5 67.24 40.50 
5 0.0882 48325 34611 67.00    
5.5 0.0882 44658 33955 71.12    
5.5 0.0882 45479 34568 71.10 5.5 71.06 42.81 
5.5 0.0882 45099 34209 70.95    
6 0.0882 45059 35596 73.90    
6 0.0882 44636 34899 73.14 6 73.44 44.24 
6 0.0882 44656 34984 73.28    
 
 
Figure 7– 0.50 equiv dppbenzene(O)2 per Pd (Run 2) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (3.6 mg, 0.0075 mmol, 0.045 
equiv), naphthalene (13.5 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
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time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.105 54545 0 0.00    
1 0.105 55421 0 0.00 1 0.00 0.00 
1 0.105 53991 0 0.00    
1.5 0.105 54840 0 0.00    
1.5 0.105 54934 0 0.00 1.5 0.00 0.00 
1.5 0.105 55259 0 0.00    
2 0.105 54793 2405 4.91    
2 0.105 54166 2372 4.89 2 4.94 2.98 
2 0.105 53975 2427 5.03    
2.5 0.105 56904 13982 27.46    
2.5 0.105 55995 13880 27.70 2.5 27.60 16.63 
2.5 0.105 56396 13946 27.64    
3 0.105 61720 23837 43.16    
3 0.105 62136 23886 42.96 3 43.25 26.06 
3 0.105 61064 23843 43.64    
3.5 0.105 54357 24374 50.11    
3.5 0.105 55273 24626 49.79 3.5 49.86 30.03 
3.5 0.105 55061 24470 49.67    
4 0.105 56690 27456 54.12    
4 0.105 56156 27320 54.37 4 54.36 32.75 
4 0.105 57411 28045 54.59    
4.5 0.105 62268 31587 56.69    
4.5 0.105 61777 31889 57.69 4.5 56.99 34.33 
4.5 0.105 62118 31462 56.60    
5 0.105 62311 33038 59.25    
5 0.105 63744 34288 60.11 5 59.67 35.94 
5 0.105 63046 33646 59.64    
5.5 0.105 66941 38394 64.10    
5.5 0.105 68649 38972 63.44 5.5 63.44 38.22 
5.5 0.105 68040 38218 62.77    
6 0.105 62391 36182 64.81    
6 0.105 62004 36392 65.59 6 65.32 39.35 
6 0.105 60923 35740 65.56    
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Figure 7– 0.50 equiv dppbenzene(O)2 per Pd (Run 3) 
 Following General Procedure V, a mixture of silanolate Cs+39– (79 mg, 0.250 mmol, 1.5 
equiv), APC (2.7 mg, 0.0075 mmol, 0.045 equiv), dppbenzene(O)2 (3.6 mg, 0.0075 mmol, 0.045 
equiv), naphthalene (12.0 mg), and 2-bromotoluene (20 µL, 0.16 mmol, 1.0 equiv) were 
dissolved in dry benzotrifluoride (2 mL) at room temperature followed by stirring at reflux. 
Aliquots of the mixture were then taken for GC analysis. 
 
time 
mmol 
naph area naph area 41j 
mmol  
41j 
time, 
min 
mmol  
cross 
% 
conversion 
1 0.0936 49076 0 0.00    
1 0.0936 50379 0 0.00 1 0.00 0.00 
1 0.0936 50601 0 0.00    
1.5 0.0936 56146 0 0.00    
1.5 0.0936 54825 0 0.00 1.5 0.00 0.00 
1.5 0.0936 55108 0 0.00    
2 0.0936 52796 3502 6.59    
2 0.0936 53444 3541 6.58 2 6.57 3.96 
2 0.0936 53830 3543 6.54    
2.5 0.0936 64307 21454 33.14    
2.5 0.0936 63023 21042 33.17 2.5 33.17 19.98 
2.5 0.0936 64094 21425 33.21    
3 0.0936 51406 24728 47.78    
3 0.0936 50830 24376 47.64 3 47.78 28.78 
3 0.0936 50979 24586 47.91    
3.5 0.0936 58492 32203 54.69    
3.5 0.0936 59231 32679 54.81 3.5 54.84 33.04 
3.5 0.0936 57846 32048 55.03    
4 0.0936 58063 34387 58.83    
4 0.0936 57809 34373 59.07 4 59.00 35.54 
4 0.0936 57780 34380 59.11    
4.5 0.0936 72978 45912 62.49    
4.5 0.0936 72169 45210 62.23 4.5 62.01 37.35 
4.5 0.0936 72001 44429 61.30    
5 0.0936 66237 42974 64.45    
5 0.0936 66628 43665 65.10 5 64.74 39.00 
5 0.0936 66792 43479 64.66    
5.5 0.0936 61490 42271 68.29    
5.5 0.0936 31979 24635 76.52 5.5 71.33 42.97 
5.5 0.0936 33531 23350 69.18    
6 0.0936 23733 17081 71.49    
6 0.0936 23932 17593 73.02 6 71.58 43.12 
6 0.0936 24672 17438 70.21    
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8.4. Chapter 3 Procedures  
GC Methods and Response Factors 
GC Method 4: Injections were made onto a Hewlett-Packard HP-1 50-m cross-linked 
1%-phenyl methyl silicone gum phase column. The injector and detector temperature were 250 
°C. The column oven temperature was as follows 150 °C (5 min) to 250 °C ramp at 50 °C/min, 
250 °C for 2.5 min, total run time was 10 min. Retention times (tR) and integrated ratios were 
obtained from reporting integrators.  
Response factors (Rf) for quantitative GC analysis for GC Method 1 were obtained by the 
equation below: 
Eq1: Response factor for A = (mmol A * area biphenyl)/(area A * mmol biphenyl) 
 
mmol of K+51- Area of K+51- 
mmol of 
biphenyl Area of biphenyl  Response Factor 
0.0944 134171 0.0713 147252  1.453 
0.0944 128931 0.0713 143297  1.472 
0.0944 137199 0.0713 150080  1.448 
0.0958 196503 0.1381 411221  1.452 
0.0958 177483 0.1381 367754  1.437 
0.0958 185693 0.1381 382668  1.430 
0.0558 69868 0.1621 289553  1.427 
0.0558 70245 0.1621 290901  1.426 
0.0558 76078 0.1621 305451  1.382 
   AVG RF  1.436 
 
mmol of 40o Area of 40o 
mmol of 
biphenyl Area of biphenyl  Response Factor 
0.0642 83953 0.0824 221875  2.059 
0.0642 88607 0.0824 226645  1.993 
0.0642 82742 0.0824 218592  2.058 
0.0781 125460 0.0668 213274  1.988 
0.0781 102813 0.0668 178063  2.025 
0.0781 112649 0.0668 191799  1.991 
0.0583 50668 0.094 162731  1.992 
0.0583 54143 0.094 173796  1.991 
0.0583 54137 0.094 172720  1.979 
   AVG RF  2.008 
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mmol of 56o Area of 56o mmol of IS Area of IS  Response Factor 
0.0345 8.43040E+04 0.0798 1.74331E+05  0.894 
0.0345 8.12230E+04 0.0798 1.71208E+05  0.911 
0.0345 8.11800E+04 0.0798 1.71310E+05  0.912 
0.0325 9.01390E+04 0.0454 1.11242E+05  0.883 
0.0325 9.16530E+04 0.0454 1.12300E+05  0.877 
0.0325 9.04190E+04 0.0454 1.10973E+05  0.879 
0.0492 1.36756E+05 0.0512 1.26515E+05  0.889 
0.0492 1.33610E+05 0.0512 1.24800E+05  0.898 
0.0492 1.30709E+05 0.0512 1.23646E+05  0.909 
   AVG RF  0.895 
 
 
Preparation of Starting Materials: Arylsilanols and Arylsilanolates  
(4-(1,3-Dioxolan-2-yl)phenyl)dimethylsilanol (55) (Table 5, entry 3) 
Si
O
O
H3C CH3
H
TBAOH (1 M H2O)
CH3CN, 0 °C
Si
O
O
H3C CH3
OH
1''
2
34
5
1'
55
 
 In a 25-mL, round-bottomed flask was charged (4-(1,3-dioxolan-2-
yl)phenyl)dimethylsilane (456 mg, 2.19 mmol, 1.0 equiv) as a colorless oil.  Dry CH3CN (4.4 
mL) was added resulting in a colorless solution.  The flask was placed into an ice bath and the 
solution cooled to 0 °C.  A solution of tetra-butylammonium hydroxide in H2O (3.3 mL, 1.5 
equiv, 1.0 M) was added dropwise via syringe.  At 15 min, TLC (hexanes/ethyl acetate, 4:1, UV 
and KMnO4) indicated complete consumption of the starting silane.  The reaction mixture was 
poured directly onto a biphasic mixture of Et2O (30 mL)/H2O (20 mL).  The aq. layer was 
extracted with Et2O (3 x 20 mL) and the organic layers were washed with brine (2 x 20 mL).  
The combined organic layers were dried for 10 min (MgSO4, 5 g) and the solvents were removed 
in vacuo (30 °C, 10 mmHg) to give a faint yellow oil.  The crude material was purified by 
column chromatography (SiO2, 38 g, 30 x 100 mm, 3:2 hexanes/ethyl acetate) followed by 
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Kugelrohr distillation (135 °C, 0.05 mmHg) to afford 386 mg (79%) of 55 as a colorless oil.  
Compound 55 was found to be >99% as determined by 1H NMR integration.185  
Data for 55: 
  bp: 135 °C (ABT, 0.05 mmHg) 
 1H NMR:      (500 MHz, CDCl3) 
  7.60 (d, 2 H, J=8.0 Hz, HC(3)), 7.48 (d, 2 H, J=8.0 Hz, HC(2)), 5.82 (s, 1 H, 
HC(5), 4.16-4.08 (m, 2 H, HC(1’)), 4.08-4.00 (m, 2 H, HC(1’)), 2.09 (s, 1 H, HO-
Si), 0.39 (s, 6 H, H3C(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  140.4 C(4), 138.9 C(1), 133.1 C(2), 125.7 C(3), 103.5 C(5), 65.2 C(1’), -0.07 
C(1’’) 
 IR: (neat) 
 3392 (br), 2956 (w), 2889 (w), 1411 (w), 1253 (m), 1081 (s), 1022 (w), 943 (w), 
867 (m), 826 (s), 778 (s), 698 (w) 
 MS: (EI, 70eV) 
  223 (M+, 47), 209 (79), 179 (14), 165 (10), 149 (100), 137 (43), 119 (5), 105 (11), 
91 (8), 75 (28) 
 HRMS: Calculated: C11H15O3Si (223.0791); Found: 223.0793 
 TLC: Rf  0.26 (hexanes/Et2O, 7:3) [silica gel, UV, KMnO4] 
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(4-(Dimethylamino)phenyl)dimethylsilanol (53) (Table 5, entry 4) 
Si
N
H3C CH3
H
[RuCl2(p-cymene)]2
H2O, CH3CN
Si
N
H3C CH3
OH
1''
2
34
1'
H3C
CH3
H3C
CH3
53
 
 In a 25-mL, round-bottomed flask equipped with a magnetic stir bar was charged 4-
(dimethylsilyl)-N,N-dimethylaniline (598 mg, 3.33 mmol, 1.0 equiv) as a yellow tinted oil.  Dry 
CH3CN (7 mL) was added resulting in faint yellow solution.  [RuCl2(p-cymene)]2 (41 mg, 0.0667 
mmol, 2 mol %) followed by H2O (0.12 mL, 6.66 mmol, 2.0 equiv) was added.  The reaction was 
stirred at rt.  At 35 min, TLC (hexanes/ethyl acetate, 4:1) indicated complete consumption of the 
starting silane.  The reaction solution was diluted with Et2O (10 mL) and poured onto H2O (20 
mL).  The aq. layer was extracted with Et2O (3 x 25 mL) and the organic layers were washed 
with H2O (10 mL), and brine (20 mL).  The combined organic layers were dried (MgSO4, 6.2 g) 
and the solvent removed in vacuo (35 °C, 10 mmHg) to give a yellow oil.  Crude material was 
purified by column chromatography (SiO2, 62 g, 40 x 110 mm, hexanes/ethyl acetate 7:3) 
followed by recrystallization (pentane) to afford 612 mg (94%) of 53 as colorless cubes.  
Compound 53 was found to be >99% as determined by 1H NMR integration.185 
Data for 53: 
  mp: 52-53 °C (pentane) 
 1H NMR:      (500 MHz, CDCl3) 
  7.48 (d, 2 H, J=8.5 Hz, HC(2)), 6.75 (d, 2 H, J=8.5 Hz, HC(3)), 2.98 (s, 6 H, 
H3C(1’)), 1.72 (s, 1 H, HO-Si), 0.38 (s, 6 H, H3C(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  151.4 C(4), 134.2 C(2), 124.4 C(1), 111.8 C(3), 40.2 C(1’), 0.02 C(1’’) 
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 IR: (nujol) 
 3278 (br), 2954 (w), 2886 (w), 2798 (w), 1599 (s), 1514 (m), 1357 (w), 1248 (w), 
1115 (s), 854 (m), 828 (s), 776 (m), 662 (w) 
 MS: (EI, 70eV) 
  195 (M+, 45), 180 (100), 164 (10), 134 (8), 120 (8), 90 (9), 75 (4) 
 HRMS: Calculated: C10H17ONSi (195.1079); Found: 195.1076 
 TLC: Rf  0.42 (hexanes/Et2O, 3:2) [silica gel, UV] 
 
(2,6-Dichlorophenyl)dimethylsilanol (54) (Table 5, entry 6) 
SiH(CH3)2
[Ir(COD)Cl]2
CH3CN, H2O
Cl
Cl
Si(CH3)2OH
Cl
Cl
123
4
5
6
1'
54
 
 In a 50-mL, round-bottomed flask equipped with a magnetic stir bar was charged (2,6-
dichlorophenyl)dimethylsilane (4.153 g, 20.2 mmol, 1.0 equiv) and dry CH3CN (20 mL) 
resulting in a faint yellow solution.  [Ir(COD)Cl]2 (136 mg, 0.202 mmol, 1 mol %) was added 
resulting in a orange-colored solution.  Water (1.8 mL, 101 mmol, 5.0 equiv) was added 
dropwise by syringe and the mixture was stirred at rt.  At 45 min, TLC (hexanes/ethyl acetate, 
4:1) indicated complete consumption of the starting silane.  The reaction solution was poured 
onto H2O (60 mL) and the aqueous layer was extracted with Et2O (3 x 70 mL).  The organic 
layers were washed with brine (60 mL) and dried (MgSO4, 12 g).  The solvents were removed in 
vacuo to give a brown tinted oil which was found to solidify upon storage in a fridge.  
Purification by column chromatography (SiO2, 50 x 100 mm, hexanes/ethyl acetate, 4:1) 
afforded 4.410 g (99%) of 54 as a colorless oil which again solidified upon storage at –20 °C. 
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Data for 54: 
 mp: 36-38 °C 
 1H NMR:      (500 MHz, CDCl3) 
7.27–7.25 (m, 2 H, HC(3) and HC(5)), 7.23–7.19 (m, 1 H, HC(4)), 2.91 (s, 1 H, 
HO-Si), 0.59 (s, 6 H, H3C(1’)) 
13C NMR:  (126 MHz, CDCl3) 
140.5 C(2) and C(6), 135.8 C(1), 131.2 C(4), 128.7 C(3) and C(5), 2.7 C(1’) 
 IR: (neat) 
 3399 (br, -OH), 2962 (w), 2901 (w), 2354 (w), 1568 (m), 1548 (m), 1408 (s), 
1252 (s), 1181 (m), 1136 (m), 1120 (m), 1079 (w), 1041 (s), 861 (s), 831 (s), 787 
(s), 701 (w), 654 (w) 
 MS: (EI, 70eV) 
  222 (M+1, 8), 220 (M-1, 12), 207 (70), 205 (100), 171 (25), 169 (67), 127 (25), 125 
(76), 95 (25), 75 (36) 
 HRMS: Calculated: C8H10OCl2Si (219.9878); Found: 219.9880 
 TLC: Rf  0.42 (hexanes/EtOAc, 4:1) [silica gel, UV (faint)] 
 Analysis: C10H12O2Si (192.29) 
 Calcd: C, 43.45;  H, 4.56; Cl, 32.06    
 Found: C, 43.55; H, 4.57; Cl, 31.80 
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Potassium Dimethyl(1-naphthyl)silanolate (K+52-) (Table 5, entry 2) 
Si
OH
H3C CH3
KH, THF
Si
O-K+
H3C CH3
K+52–
 
Following General Procedure I, KH (499 mg, 12.44 mmol, 1.5 equiv), 52 (1.67 g, 8.26 
mmol, 1.0 equiv), and THF (20 mL) were combined and stirred at rt.  After 30 min, the mixture 
was filtered, concentrated and crude material was washed with hexanes (2 x 5 mL) and dried in 
vacuo (0.2 mmHg) which afforded 1.67 g (84 %) of K+52- as an off-white solid. 
Data for K+52–: 
 1H NMR:      (500 MHz, d8-THF) 
  8.67-8.69 (m, 1 H), 7.69-7.78 (m, 3 H), 7.31-7.38 (m, 3 H), 0.22 (s, 6 H). 
 13C NMR: (126 MHz, d8-THF) 
  147.7, 138.7, 134.8, 132.7, 129.9, 129.5, 128.5, 126.0, 125.7, 125.4, 5.1. 
 
Potassium (4-(1,3-Dioxolan-2-yl)phenyl)dimethylsilanolate (K+55-) (Table 5, entry 3) 
Si
OH
H3C CH3
O
O
KH, C6H6 Si
O-K+
H3C CH3
O
O
K+55-
1''
1
2
3
4
5
1'  
Following General Procedure I, in the glove box, KH (265 mg, 6.62 mmol, 1.2 equiv) 
was suspended in benzene (12 mL) resulting in a light gray suspension. A solution of (4-(1,3-
dioxolan-2-yl)phenyl)dimethylsilanol 55 (1.24 g, 5.50 mmol, 1.0 equiv) in benzene (2 mL) was 
added drop-wise to the suspension. The reaction mixture stirred for 20 min, then was diluted 
with additional benzene (10 mL) and was isolated to afford 1.20 g (83%) of K+55- as a white 
powder. 
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Data for K+55–: 
1H NMR:      (500 MHz, C6D6) 
  7.76 (d, 2 H, J=7.7 Hz, HC(3)), 7.65 (d, 2 H, J=7.7 Hz, HC(2)), 5.83 (s, 1 H, 
HC(5)), 3.73-3.66 (m, 2 H, HC(1’)), 3.54-3.47 (m, 2 H, HC(1’)), 0.33 (s, 6 H, 
H3C(1’’)) 
 13C NMR: (126 MHz, C6D6) 
  149.1 C(4), 138.3 C(1), 133.3 C(2), 126.6 C(3), 104.2 C(5), 65.2 C(1’), 3.4 C(1’’) 
 
Potassium (4-N,N-Dimethylaminophenyl)dimethylsilanolate (K+53-) (Table 5, entry 4) 
(H3C)2N
Si
OH
H3C CH3
KH, C6H6 Si
O-K+
H3C CH3
K+53-
1''
1
2
3
4N
H3C
CH3
1'
 
Following General Procedure I, in the glove box, KH (384 mg, 9.57 mmol, 1.2 equiv) 
was suspended in benzene (16 mL) resulting in a light gray suspension. A solution of (4-N,N-
dimethylaminophenyl)dimethylsilanol 53 (1.24 g, 5.50 mmol, 1.0 equiv) in benzene (2 mL) was 
added drop-wise to the suspension. The reaction mixture stirred for 20 min and was isolated to 
afford 1.80 g (97%) of K+53– as a white powder. 
Data for K+53–: 
1H NMR:      (500 MHz, C6D6) 
  7.65 (d, 2 H, J=8.0 Hz, HC(2)), 6.86 (d, 2 H, J=8.0 Hz, HC(3)), 2.65 (s, 6 H, 
H3C(1’)), 0.41 (s, 6 H, H3C(1’’)) 
 13C NMR: (126 MHz, C6D6) 
  150.9 C(4), 134.1 C(2), 128.5 C(1), 112.9 C(3), 40.2 C(1’), 4.0 C(1’’) 
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Potassium (4-Trifluoromethyl)dimethylsilanolate (K+51–) (Table 5, entry 5) 
F3C
Si
OH
H3C CH3
F3C
Si
O-K+
H3C CH3
1
2
35
4
1'
KH, THF
K+51–
 
Following General Procedure I, in the glove box, KH (882 mg, 22.0 mmol, 1.3 equiv) 
was suspended in THF (30 mL) to resulting in a light gray suspension. Silanol 51 (3.08 g, 16.9 
mmol, 1.0 equiv) was dissolved in THF (9 mL) and was added drop-wise to the KH/THF 
suspension. The reaction mixture stirred for 15 min then isolated to afford 3.57 g (95%) of K+51– 
as an off-white powder.  
Data for K+51–: 
 1H NMR:      (500 MHz, C6D6) 
  7.45 (d, 2 H, J = 8.5 Hz), 6.79 (d, 2 H, J = 8.3 Hz), 3.72 (s, 3 H), 0.05 (s, 6 H). 
13C NMR:  (126 MHz, C6D6) 
160.3, 141.2, 134.8, 113.7, 55.0, 4.1 
19F NMR:  (470 MHz, C6D6) 
-62.7 
 
Sodium (2,6-Dichlorophenyl)dimethylsilanolate (Na+54-) (Table 5, entry 6) 
Si
OH
H3C
CH3
NaH, C6H6 Si
O-Na+
H3C CH3
Na+54-
1''
1
Cl
Cl
Cl
Cl  
 Following General Procedure I, in a glove box, NaH (133 mg, 5.44 mmol, 1.2 equiv, 
98%) was suspended in benzene (9 mL) resulting in a white suspension.  (2,6-
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Dichlorophenyl)dimethylsilanol 54 (1.00 g, 4.53 mmol, 1.0 equiv) was dissolved in benzene (2 
mL) and added drop-wise to the NaH/benzene suspension. The reaction mixture was stirred for 
30 min and the was isolated to afford 870 mg (79%) of Na+54- as a white powder. 
Data for Na+54−: 
 1H NMR:      (500 MHz, C6D6) 
6.95 (d, 2 H, J=7.8 Hz, HC(3) and HC(5)), 6.50 (t, 1 H, J=7.8 Hz, HC(4)), 0.53 (s, 
6 H, HC(1’)) 
13C NMR:  (126 MHz, C6D6) 
140.9 C(4), 130.3 C(1), 129.2 C(2) and C(6), 128.3 C(3) and C(5), 8.2 C(1’) 
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General Procedure VI: Optimization for Cross Coupling of K+51- with 4-Bromoanisole 
Using Different Catalysts and Ligands. Cross Coupling of K+51- and 40o using Pd(dba)2 
and Ph3P(O) (Table 6, entry 1) 
F3C
Si
O-K+
H3C CH3
F3C
OCH3
Br OCH3
Pd(dba)2 (5 mol %)
Ph3P(O) (5 mol %)
toluene, 90 °C
K+41-
30o
56o
 
 In an oven-dried, 5-mL, round-bottomed flask equipped with a stir bar, reflux condenser,  
and 3-way argon adapter was charged biphenyl (21.4 mg, 0.139 mmol), Pd(dba)2 (7.2 mg, 0.0125 
mmol, 5 mol %) and Ph3P(O) (3.5 mg, 0.0125 mmol, 5 mol %) as solids.  The flask was 
evacuated and backfilled with argon.  Dry toluene (1 mL) was added via a syringe through the 
adapter resulting in a brown mixture.  4-bromoanisole 40o (31 µL, 0.25 mmol, 1.0 equiv) and 
K+51– (97 mg, 0.375 mmol, 1.5 equiv) were added sequentially by quickly removing the adapter, 
adding the reagents and replacing the adapter.  The flask was placed into a preheated 90 °C oil 
bath and the reaction was stirred under a flow of argon.  Reaction progress was monitored by GC 
analysis at certain time intervals. Sampling of the reaction was performed by removing 25-µL 
aliquots of the mixture by syringe and quenching the aliquots at regular intervals. The quench 
was performed as follows: the withdrawn aliquot of the reaction mixture was injected into 100 
µL of a 10% aqueous solution of 2-dimethylaminoethanethiol hydrochloride. This yellow 
solution was diluted with 1.5 mL of ethyl acetate and the organics filtered through a 0.5 x 1.0 cm 
plug of silica gel. Aliquots of the reaction were monitored by GC method 4 at 0.3, 1, 5, and 8 h. 
At 8 h: 51, tR 1.29 min (32 %); 40o, tR 1.64 min (76 %); biphenyl, tR 3.63 min; 56o, 6.70 min 
(7%) (GC method 1: HP-1, 150 0C (5 min), 50 0C/min, 250 0C (2 min), 16 psi).  
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Cross Coupling of K+51– and 40o using (C3H5)CpPd and dppp (Table 6, entry 2) 
Following General Procedure VI, biphenyl (21.6 mg, 0.140 mmol), (C3H5)CpPd (2.7 mg, 
0.0125 mmol, 5 mol %), dppp (5.2 mg, 0.0125 mmol, 5 mol %), 4-bromoanisole (31 µL, 0.25 
mmol, 1.0 equiv), and K+51–  (97 mg, 0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) 
and stirred at 90 °C for 20 h. Aliquots of the reaction were analyzed by GC method 4 at 1, 3, and 
20 h. At 20 h: 51, tR 1.29 min (not detected); 40o, tR 1.64 min (not detected); biphenyl, tR 3.63 
min; 56o, 6.70 min (30%). 
 
Cross Coupling of K+51– and 40o using PdCl(C3H5)(Ii-Pr) (Table 6, entry 3) 
Following General Procedure VI, biphenyl (19.2 mg, 0.125 mmol), PdCl(C3H5)(Ii-Pr) 
(7.2 mg, 0.0125 mmol, 5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 
mg, 0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. 
Aliquots of the reaction were analyzed by GC method 4 at 1, 3, 8 and 20 h. At 20 h: 51, tR 1.29 
min (< 1%); 40o, tR 1.64 min (57%); biphenyl, tR 3.63 min; 56o, 6.70 min (10%). 
 
Cross Coupling of K+51–and 40o using (Ph3P)4Pd (Table 6, entry 4) 
Following General Procedure VI, biphenyl (26.2 mg, 0.167 mmol), (Ph3P)4Pd (14.4 mg, 
0.0125 mmol, 5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 
0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. Aliquots 
of the reaction were analyzed by GC method 4 at 1, 3, 7 and 20 h. At 20 h: 51, tR 1.29 min (1%); 
40o, tR 1.64 min (32); biphenyl, tR 3.63 min; 56o, 6.70 min (37%). 
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Cross Coupling of K+51–and 40o using APC (Table 6, entry 5) 
Following General Procedure VI, biphenyl (32.8 mg, 0.213 mmol), APC (2.3 mg, 
0.00625 mmol, 2.5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 
0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. Aliquots 
of the reaction were analyzed by GC method 4 at 1, 3, 7 and 20 h. At 20 h: 51, tR 1.29 min 
(33%); 40o, tR 1.64 min (63%); biphenyl, tR 3.63 min; 56o, 6.70 min (9%). 
 
Cross Coupling of K+51– and 40o using APC and dppp(O)2 (Table 6, entry 6) 
Following General Procedure VI, biphenyl (33.9 mg, 0.220 mmol), APC (2.3 mg, 
0.00625 mmol, 2.5 mol %), dppp(O)2 (5.6 mg, 0.0125, 5 mol %), 4-bromoanisole (31 µL, 0.25 
mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) 
and stirred at 90 °C for 20 h. Aliquots of the reaction were analyzed by GC method 4 at 1, 3, and 
7 h. At 7 h: 51, tR 1.29 min (not detected); 40o, tR 1.64 min (5%); biphenyl, tR 3.63 min; 56o, 6.70 
min (45%). 
 
Cross Coupling of K+51– and 40o using APC and dppp(O) (Table 6, entry 7) 
Following General Procedure VI, biphenyl (33.9 mg, 0.220 mmol), APC (2.3 mg, 
0.00625 mmol, 2.5 mol %), dppp(O) (5.4 mg, 0.0125, 5 mol %), 4-bromoanisole (31 µL, 0.25 
mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) 
and stirred at 90 °C for 20 h. Aliquots of the reaction were analyzed by GC method 4 at 1, 3, and 
7 h. At 7 h: 51, tR 1.29 min (10%); 40o, tR 1.64 min (46%); biphenyl, tR 3.63 min; 56o, 6.70 min 
(30%). 
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Cross Coupling of K+51– and 40o using APC and dppp (Table 6, entry 8) 
Following General Procedure VI, biphenyl (34.1 mg, 0.221 mmol), APC (2.7 mg, 0.0075 
mmol, 2.5 mol %), dppp (6.2 mg, 0.015, 5 mol %), 4-bromoanisole (38 µL, 0.30 mmol, 1.0 
equiv), and K+51– (101 mg, 0.39 mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred 
at 90 °C for 3 h. Aliquots of the reaction were analyzed by GC method 4 at 0.5, 1, and 3 h. At 3 
h: 51, tR 1.29 min (7%); 40o, tR 1.64 min (69%); biphenyl, tR 3.63 min; 56o, 6.70 min (51%). 
 
Cross Coupling of K+51– and 40o using APC and Ph3As (Table 6, entry 9) 
Following General Procedure VI, biphenyl (40.7 mg, 0.264 mmol), APC (2.7 mg, 0.0075 
mmol, 2.5 mol %), Ph3As (4.6 mg, 0.015, 5 mol %), 4-bromoanisole (38 µL, 0.30 mmol, 1.0 
equiv), and K+51– (101 mg, 0.39 mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred 
at 90 °C for 3 h. Aliquots of the reaction were analyzed by GC method 4 at 0.5, 1, 2 and 3 h. At 7 
h: 51, tR 1.29 min (7%); 40o, tR 1.64 min (78%); biphenyl, tR 3.63 min; 56o, 6.70 min (12%). 
 
Cross Coupling of K+51– and 40o using APC and S-Phos (Table 6, entry 10) 
Following General Procedure VI biphenyl (41.2 mg, 0.267 mmol), APC (2.7 mg, 0.0075 
mmol, 2.5 mol %), S-Phos (6.2 mg, 0.015, 5 mol %), 4-bromoanisole (38 µL, 0.30 mmol, 1.0 
equiv), and K+51– (101 mg, 0.39 mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred 
at 90 °C for 3 h. Aliquots of the reaction were analyzed by GC method 4 at 0.5, 1, 2 and 3 h. At 7 
h: 51, tR 1.29 min (2%); 40o, tR 1.64 min (29%); biphenyl, tR 3.63 min; 56o, 6.70 min (46%). 
 
           
271 
Cross Coupling of K+51– and 40o using APC and t-Bu3P (Table 6, entry 11) 
Following General Procedure VI, biphenyl (24.0 mg, 0.156 mmol), APC (2.3 mg, 
0.00625 mmol, 2.5 mol %), t-Bu3P (2.5 mg, 0.0125, 5 mol %), 4-bromoanisole (31 µL, 0.25 
mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) 
and stirred at 90 °C for 20 h. Aliquots of the reaction were analyzed by GC method 4 at 0.33, 1, 
3, and 5.5 h. At 5.5 h: 51, tR 1.29 min (1%); 40o, tR 1.64 min (1%); biphenyl, tR 3.63 min; 56o, 
6.70 min (79%). 
 
Cross Coupling of K+51– and 40o using APC and t-Bu3P·HBF4 (Table 6, entry 12) 
Following General Procedure VI, biphenyl (21.4 mg, 0.139 mmol), APC (2.3 mg, 
0.00625 mmol, 2.5 mol %), t-Bu3P·BF4 (3.6 mg, 0.0125, 5 mol %), 4-bromoanisole (31 µL, 0.25 
mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 equiv) were combined in toluene (1 mL) 
and stirred at 90 °C for 20 h. Aliquots of the reaction were analyzed by GC method 4 at 1, 3, 6 
and 20 h. At 20 h: 51, tR 1.29 min (not detected); 40o, tR 1.64 min (12%); biphenyl, tR 3.63 min; 
56o, 6.70 min (68%). 
 
Cross Coupling of K+51– and 40o using palladacycle 57 (Table 6, entry 13) 
Following General Procedure VI, biphenyl (21.8 mg, 0.141 mmol), 57 (4.4 mg, 0.00625, 
2.5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3 and 8 h. At 8 h: 51, tR 1.29 min (not detected); 40o, tR 1.64 
min (10%); biphenyl, tR 3.63 min; 56o, 6.70 min (73%). 
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Cross Coupling of K+51–and 40o using (t-Bu3P)2Pd 58 (Table 6, entry 13) 
Following General Procedure VI, biphenyl (21.8 mg, 0.141 mmol), 58 (4.4 mg, 0.00625, 
2.5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3 and 5 h. At 5 h: 51, tR 1.29 min (not detected); 40o, tR 1.64 
min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (88%). 
 
General Procedure VII: Optimization for Cross Coupling of K+51– with 4-Bromoanisole 
using (t-Bu3P)2Pd (Table 7, 8 and 9). Solvent Survey: Cross Coupling of K+51– and 40o in 
Toluene (Table 7, entry 1) 
K+51–
40o
56o
Si
H3C CH3
O-K+
Pd(Pt-Bu3)2 (5 mol %)
solvent, 90 °CF3C F3C
OCH3Br OCH3
 
 In an oven-dried 5 mL round-bottomed flask equipped with a stir bar, reflux condenser,  
and 3-way argon adapter was charged (t-Bu3P)2Pd 58 (6.4 mg, 0.0125 mmol, 5 mol %) as a 
colorless solid in a drybox.  The flask was sealed using the 3-way and removed from the drybox.  
The headspace was evacuated and backfilled with argon.  Dry toluene (1 mL) was added via a 
syringe through the adapter resulting in a colorless solution. Biphenyl (21.7 mg, 0.139 mmol), 4-
bromoanisole (40o) (31 µL, 0.25 mmol, 1.0 equiv) and K+51– (97 mg, 0.375 mmol, 1.5 equiv) 
were added sequentially by quickly removing the adapter, adding the reagents and replacing the 
adapter.  The flask was placed into a preheated 90 °C oil bath and the reaction was stirred under 
a flow of argon.  Reaction progress was monitored by GC analysis at certain time intervals. 
Sampling of the reaction was performed by removing 25-µL aliquots of the mixture by syringe 
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and quenching the aliquots at regular intervals. The quench was performed as follows: the 
withdrawn aliquot of the reaction mixture was injected into 100 µL of a 10% aqueous solution of 
2-dimethylaminoethanethiol hydrochloride. This yellow solution was diluted with 1.5 mL of 
ethyl acetate and the organics filtered through a 0.5 x 1.0 cm plug of silica gel. Aliquots of the 
reaction were monitored by GC method 4 at 1, 3 and 5 h. At 5 h: 51, tR 1.29 min (not detected); 
40o, tR 1.64 min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (92%) (GC method 1: HP-1, 
150 0C (5 min), 50 0C/min, 250 0C (2 min), 16 psi).  
 
Solvent Survey: Cross Coupling of K+51– and 40o in Benzotrifluoride (Table 7, entry 2) 
Following General Procedure VII, biphenyl (22.4 mg, 0.145 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in benzotrifluoride (1 mL) and stirred at 90 °C for 5 h. Aliquots of the 
reaction were analyzed by GC method 4 at 1, 3 and 5 h. At 5 h: 51, tR 1.29 min (2%); 40o, tR 1.64 
min (2%); biphenyl, tR 3.63 min; 56o, 6.70 min (90%). 
 
Solvent Survey: Cross Coupling of K+51– and 40o in N-Methylpyrolidinone (NMP) (Table 
7, entry 3) 
Following General Procedure VII, biphenyl (21.4 mg, 0.145 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in NMP (1 mL) and stirred at 90 °C for 15 min. Aliquots of the reaction 
were analyzed by GC method 4 at 15 min. At 15 min: 51, tR 1.29 min (not detected); 40o, tR 1.64 
min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (not detected). 
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Solvent Survey: Cross Coupling of K+51– and 40o in N,N-Dimethylformamide (DMF) 
(Table 7, entry 4) 
Following General Procedure VII, biphenyl (22.1 mg, 0.143 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in DMF (1 mL) and stirred at 90 °C for 15 min. Aliquots of the reaction 
were analyzed by GC method 4 at 15 min. At 15 min: 51, tR 1.29 min (not detected); 40o, tR 1.64 
min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (not detected). 
 
Solvent Survey: Cross Coupling of K+51– and 40o in 1,4-Dioxane (Table 7, entry 5) 
Following General Procedure VII, biphenyl (22.7 mg, 0.147 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in 1,4-dioxane (1 mL) and stirred at 90 °C for 5 h. Aliquots of the reaction 
were analyzed by GC method 4 at 0.33, 1, 3 and 5 h. At 5 h: 51, tR 1.29 min (not detected); 40o, 
tR 1.64 min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (74%). 
 
Temperature Studies: Cross Coupling of K+51– and 40o, 70°C (Table 8, entry 1) 
Following General Procedure VII, biphenyl (28.0 mg, 0.182 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 70 °C for 20 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, 6, 12, and 20 h. At 20 h: 51, tR 1.29 min (2%); 40o, tR 
1.64 min (35%); biphenyl, tR 3.63 min; 56o, 6.70 min (61%). 
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Temperature Studies: Cross Coupling of K+51– and 40o, 80°C (Table 8, entry 2) 
Following General Procedure VII, biphenyl (23.3 mg, 0.151 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 80 °C for 20 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, 6, 12, and 20 h. At 20 h: 51, tR 1.29 min (3%); 40o, tR 
1.64 min (29%); biphenyl, tR 3.63 min; 56o, 6.70 min (66%). 
 
Temperature Studies: Cross Coupling of K+51– and 40o, 100°C (Table 8, entry 4) 
Following General Procedure VII, biphenyl (24.9 mg, 0.161 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 100 °C for 5 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, and 5 h. At 3 h: 51, tR 1.29 min (1%); 40o, tR 1.64 min 
(2%); biphenyl, tR 3.63 min; 56o, 6.70 min (86%). 
 
Temperature Studies: Cross Coupling of K+51– and 40o, 110°C (Table 8, entry 5) 
Following General Procedure VII, biphenyl (26.9 mg, 0.174 mmol), 58 (6.4 mg, 0.0125, 
5.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 110 °C for 3 h. Aliquots of the reaction 
were analyzed by GC method 4 at 0.5, 1 and 3 h. At 1 h: 51, tR 1.29 min (not detected); 40o, tR 
1.64 min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (86%). 
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Catalyst Loading Studies: Cross Coupling of K+51– and 40o using 1 mol % cat. (Table 9, 
entry 1) 
Following General Procedure VII, biphenyl (22.5 mg, 0.146 mmol), 58 (1.3 mg, 0.0025, 
1.0 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, 6, 12, and 20 h. At 20 h: 51, tR 1.29 min (2%); 40o, tR 
1.64 min (45%); biphenyl, tR 3.63 min; 56o, 6.70 min (46%). 
 
Catalyst Loading Studies: Cross Coupling of K+51– and 40o using 2.5 mol % cat. (Table 9, 
entry 2) 
Following General Procedure VII, biphenyl (24.0 mg, 0.156 mmol), 19 (3.2 mg, 0.00625, 
2.5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (1 mL) and stirred at 90 °C for 20 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, 6, 12, and 20 h. At 20 h: 51, tR 1.29 min (1%); 40o, tR 
1.64 min (8%); biphenyl, tR 3.63 min; 56o, 6.70 min (77%). 
 
Concentration Studies: Cross Coupling of K+51– and 40o using 2.5 mol % cat., 0.50 M . 
(Table 9, entry 3) 
Following General Procedure VII, biphenyl (25.4 mg, 0.165 mmol), 58 (3.2 mg, 0.00625, 
2.5 mol %), 4-bromoanisole (31 µL, 0.25 mmol, 1.0 equiv), and K+51– (97 mg, 0.375 mmol, 1.5 
equiv) were combined in toluene (0.5 mL) and stirred at 90 °C for 5 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, and 5 h. At 3 h: 51, tR 1.29 min (<1%); 40o, tR 1.64 min 
(2%); biphenyl, tR 3.63 min; 56o, 6.70 min (92%). 
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Silanolate Loading Studies: Cross Coupling of K+51– and 40o using 1.1 equiv of Silanolate. 
(Table 9, entry 4) 
Following General Procedure VII, biphenyl (43.1 mg, 0.279 mmol), 58 (6.4 mg, 0.0125, 
2.5 mol %), 4-bromoanisole (63 µL, 0.50 mmol, 1.0 equiv), and K+51– (142 mg, 0.55 mmol, 1.1 
equiv) were combined in toluene (1 mL) and stirred at 90 °C for 5 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, and 5 h. At 5 h: 51, tR 1.29 min (<1%); 40o, tR 1.64 min 
(21%); biphenyl, tR 3.63 min; 56o, 6.70 min (74%). 
 
Silanolate Loading Studies: Cross Coupling of K+51– and 40o using 1.3 equiv of Silanolate. 
(Table 9, entry 5) 
Following General Procedure VII, biphenyl (45.2 mg, 0.293 mmol), 58 (6.4 mg, 0.0125, 
2.5 mol %), 4-bromoanisole (63 µL, 0.50 mmol, 1.0 equiv), and K+51– (168 mg, 0.65 mmol, 1.3 
equiv) were combined in toluene (1 mL) and stirred at 90 °C for 5 h. Aliquots of the reaction 
were analyzed by GC method 4 at 1, 3, and 5 h. At 5 h: 51, tR 1.29 min (<1%); 40o, tR 1.64 min 
(9%); biphenyl, tR 3.63 min; 56o, 6.70 min (82%). 
 
Concentration Studies: Cross Coupling of K+51– and 40o using 5.0 mol % cat., 0.50 M . 
(Table 9, entry 7) 
Following General Procedure VII, biphenyl (40.2 mg, 0.261 mmol), 58 (12.8 mg, 0.025 
mmol, 5.0 mol %), 4-bromoanisole (63 µL, 0.50 mmol, 1.0 equiv), and K+51– (194 mg, 0.75 
mmol, 1.5 equiv) were combined in toluene (1 mL) and stirred at 90 °C for 3 h. Aliquots of the 
reaction were analyzed by GC method 4 at 0.33, 1, and 3 h. At 3 h: 51, tR 1.29 min (<1%); 40o, tR 
1.64 min (not detected); biphenyl, tR 3.63 min; 56o, 6.70 min (91%). 
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General Procedure VIII: Cross Coupling of Potassium Aryl(dimethyl)silanolates with Aryl 
Halides (Table 10 and 11). 4’-Methoxy-4-methylbiphenyl (41e) (Table 10, entry 1) 
H3CO CH3Br CH3+H3CO Si
CH3
CH3
OK
41e  
  In a oven-dried, 5-mL, round-bottomed flask equipped with a magnetic magnetic stir bar, 
reflux condenser, and three-way argon adapter was charged (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 
2.5 mol %) as a colorless solid in a drybox.  The flask was sealed away from the atmosphere and 
removed to a hood.  Dry toluene (2 mL) was added via syringe through the three-way adapter 
resulting in a colorless solution upon stirring.  4-Bromotoluene (171 mg, 1.0 mmol, 1.0 equiv) 
and K+39–  (331 mg, 1.5 mmol, 1.5 equiv) were added sequentially by removal of the adapter, 
adding the reagents as liquid and solid respectively and replacing the adapter as quickly as 
possible.  The flask was placed into a preheated 90 °C oil bath and stirred at 90 °C under a static 
flow of argon. Reaction progress was monitored by GC analysis at certain time intervals. 
Sampling of the reaction was performed by removing 25 µL aliquots of the mixture by syringe 
and quenching the aliquots at regular intervals. The quench was performed as follows: the 
withdrawn aliquot of the reaction mixture was injected into 100 µL of a 10% aqueous solution of 
2-dimethylaminoethanethiol hydrochloride. This yellow solution was diluted with 1.5 mL of 
ethyl acetate and the organics filtered through a 0.5 x 1.0 cm plug of silica gel.  Aliquots of the 
reaction were monitored by GC method 1 until complete consumption of the aryl bromide was 
observed.  The reaction was cooled to room temperature and poured onto water 10 mL.  The aq. 
layer was extracted with ethyl acetate (3 x 20 mL) and the organics washed with brine (15 mL) 
and dried (MgSO4, 5 g).  The volatiles were removed in vacuo (30 °C, 10 mmHg) to afford a 
viscous, brown oil. Purification by MPLC (12 g SiO2, 30mL/min, hexanes (5 CV), ramp to 
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hexane/ethyl acetate 9:1 (5 CV), hexane/ethyl acetate 9:1 (7 CV)) afforded 174 mg (88%) of 41e 
as a white solid.  The spectroscopic data matched those from the literature and was free of any 
major impurities.64b  
Data for 41e: 
  mp: 109-110 °C 
 1H NMR:      (500 MHz, CDCl3) 
  7.54 (d, 2 H, J = 8.8 Hz, HC(2)), 7.48 (d, 2 H, J = 8.0 Hz, HC(2’)), 7.26 (d, 2 H, J 
= 8.0 Hz, HC(3)), 6.99 (d, 2 H, J = 8.8 Hz, HC(3’)), 3.87 (s, 3 H, H3CO(1’’)), 
2.41 (s, 3 H, H3C(5)) 
 13C NMR: (126 MHz, CDCl3) 
  158.9 C(4’), 137.9 C(4), 136.3 C(1), 133.7 C(1’), 129.4 C(3), 127.9 C(2’), 126.6 
C(2), 114.1 C(3’), 55.3 C(1’’), 21.0 C(5) 
 MS: (EI, 70eV) 
  198 (M+, 100), 183 (50), 155 (31), 139 (6), 128 (9), 115 (7) 
 TLC: Rf  0.47 (hexanes/ethyl acetate, 9:1) [silica gel, UV (256)] 
 
4’-Methoxy-2-methylbiphenyl (41j) (Table 10, entry 2) 
Br+H3CO Si
CH3
CH3
OK H3CO
H3C H3C
41j
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol %), 
toluene (2.0 mL), 2-bromotoluene (120 µL, 1.0 mmol, 1.0 equiv) and K+39–  (331 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 3 h, the mixture was cooled to rt and 
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subjected to an aqueous work-up.  Purification by column chromatography (SiO2, 30 mm x 190 
mm, hexanes/CH2Cl2, 3:1) afforded 174 mg (88%) of 41j as a colorless oil. The spectroscopic 
data matched those from the literature and was free of major impurities.64b  
Data for 41j: 
 1H NMR:      (500 MHz, CDCl3) 
  7.35–7.30 (m, 6 H), 7.03 (d, 2 H, J = 8.8 Hz), 3.91 (s, 3 H), 2.36 (s, 3 H) 
 13C NMR: (126 MHz, CDCl3) 
  158.5 C(4’), 141.5 C(2), 135.4 C(1), 134.3 C(3), 130.3 C(1’), 130.2 C(2’), 129.9 
C(4), 126.9 C(6), 125.7 C(5), 113.4 C(3’), 55.2 C(2’’), 20.5 C(1’’) 
 MS: (EI, 70eV) 
  198 (M+, 100), 183 (21), 155 (18), 128 (9), 115 (8), 99 (3), 77 (4), 55 (6) 
 TLC: Rf  0.27 (hexanes/CH2Cl2, 4:1) [silica gel, UV (256)] 
 
2-(4’-Methoxy[1,1’-biphenyl]-4-yl)-1,3-dioxolane (41q) (Table 10, entry 3) 
 
(t-Bu3P)2Pd
toluene, 90 °C
Br+H3CO Si
CH3
CH3
OK H3CO
41q
O
O
O
O
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 4-(2-[1,3-dioxolane])bromobenzene (229 mg, 1.0 mmol, 1.0 equiv) and K+39–  
(331 mg, 1.5 mmol, 1.5 equiv) were combined and heated to 90 °C.  After 4 h, the mixture was 
cooled to rt and subjected to an aqueous work-up.  Purification by column chromatography 
(SiO2, 40 g, 30 mm x 130 mm, hexanes/ethyl acetate, 7:3) followed by recrystallization from 
hexanes (20 mL) afforded 200 mg (78%) of 41q as colorless plates.  The spectroscopic data 
matched those from the literature and was free of major impurities.186  
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Data for 41q: 
 mp: 103-105 °C (hexanes) 
1H NMR:      (500 MHz, CDCl3) 
  7.58 (d, 2 H, J = 8.3 Hz), 7.54 (app. d, 4 H, J = 8.3 Hz), 6.99 (d, 2 H, J = 8.8 Hz), 
5.87 (s, 1 H), 4.18-4.15 (m, 2 H), 4.08-4.05 (m, 2 H), 3.86 (s, 3 H) 
 13C NMR: (126 MHz, CDCl3) 
  159.3, 141.7, 136.2, 133.3, 128.2, 126.8, 126.7, 114.2, 103.6, 65.3, 55.3 
 MS: (EI, 70eV) 
  256 (M+, 61), 211 (23), 197 (20), 184 (100), 152 (16), 139 (12), 115 (7), 73 (12) 
 TLC: Rf  0.24 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256)] 
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3-(4-Methoxyphenyl)quinoline (41p) (Table 10, entry 4) 
 
N
Br+H3CO Si
CH3
CH3
OK
N
H3CO
41p
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol %), 
toluene (2.0 mL), 3-bromoquinoline (136 µL, 1.0 mmol, 1.0 equiv) and K+39–  (331 mg, 1.5 
mmol, 1.5 equiv) were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt 
and subjected to an aqueous work-up. Purification by MPLC (12 g SiO2, 25 mL/min, 
hexane/ethyl acetate 95/5  (5 CV), ramp to hexane/ethyl acetate 3:1 (15 CV), hexane/ethyl 
acetate 3:1 (5 CV)) followed by recrystallization from EtOH (7 mL) afforded 199 mg (85%) of 
41p as colorless needles.  The spectroscopic data matched those from the literature and was free 
of major impurities.85c  
Data for 41p: 
 mp: 79-81 °C (EtOH) 
1H NMR:      (500 MHz, CDCl3) 
  9.16 (d, 1 H, J = 1.1 Hz), 8.23 (d, 1 H, J = 2.2 Hz), 8.12 (d, 1 H, J = 8.3 Hz), 7.85 
(d, 1 H, J = 8.3 Hz), 7.69 (dd, 1 H, J1 = 7.6 Hz, J2 = 7.6 Hz), 7.65 (d, 2 H, J = 8.8 
Hz), 7.56 (dd, 1 H, J1 = 7.6 Hz, J2 = 7.6 Hz), 7.05 (d, 2 H, J = 8.8 Hz),  3.87 (s, 3 
H) 
 13C NMR: (126 MHz, CDCl3) 
  159.7, 149.8, 147.0, 133.4, 132.3, 130.2, 129.2, 129.0, 128.5, 128.1, 127.8, 126.9, 
114.6, 55.4 
 MS: (EI, 70eV) 
  235 (M+, 100), 220 (40), 192 (19), 165 (10), 139 (3), 117.5 (7) 
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 TLC: Rf  0.23 (hexanes/ethyl acetate, 3:2) [silica gel, UV (254, 365)] 
 
4-Methoxybiphenyl (41d) (Table 10, entry 5) 
H3COCl+H3CO Si
CH3
CH3
OK
41d
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (26 mg, 0.50 mmol, 5.0 mol %), toluene 
(2 mL), chlorobenzene (102 µL, 1.0 mmol, 1.0 equiv) and K+39– (331 mg, 1.5 mmol, 1.5 equiv) 
were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt and subjected to an 
aqueous work-up.  Purification by MPLC (8 g SiO2, 20 mL/min, hexanes (10 CV), ramp to 
hexane/ethyl acetate 19:1 (20 CV), hexane/ethyl acetate 19:1 (12 CV)) afforded 161 mg (88%) 
of 41d as a white solid.  The spectroscopic data matched those from the literature and was free of 
any major impurities.64b  
Data for 41d: 
  mp: 88-89 °C 
 1H NMR:      (500 MHz, CDCl3) 
  7.57–7.59 (m, 2 H), 7.56 (d, 2 H, J = 8.8 Hz), 7.44 (t, 2 H, J = 7.3 Hz), 7.33 (t, 1 
H, J = 7.3 Hz), 7.01 (d, 2 H, J = 8.8 Hz), 3.87 (s, 3 H) 
 13C NMR: (126 MHz, CDCl3) 
  159.1 C(4), 140.8 C(1’), 133.7 C(3’), 128.7 C(1), 128.1 C(2), 126.7 C(2’), 126.6 
C(4’), 114.1 C(3), 55.3 C(1’’) 
 MS: (EI, 70eV) 
  184 (M+, 100), 169 (42), 152 (5), 141 (39), 115 (24) 
 TLC: Rf  0.56 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256)] 
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4’-Methoxy-4-methylbiphenyl (41e) (Table 10, entry 6) 
(t-Bu3P)2Pd
toluene, 90 °C
H3CO CH3Cl CH3+H3CO Si
CH3
CH3
OK
41e  
  Following General Procedure VIII, (t-Bu3P)2Pd (25.5 mg, 0.050 mmol, 5.0 mol%), 
toluene (2 mL), 4-chlorotoluene (118 µL, 1.0 mmol, 1.0 equiv) and K+39− (331 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C. After 7 h, the mixture was cooled to rt and 
subjected to an aqueous work-up. Purification by column chromatography (SiO2, 25 g, 20 mm 
diameter, hexane/CH2Cl2, 8:1) afforded 160 mg (81%) of 41e as a white  solid. The 
spectroscopic data matched those from the literature and was free of any major impurities.64b  
Data for 41e: 
mp: 109-110 °C 
 1H NMR: (500 MHz, CDCl3) 
7.51 (d, 2 H, J = 9.0 Hz), 7.45 (d, 2 H, J = 8.0 Hz), 7.23 (d, 2 H, J = 8.0 Hz), 6.97 
(d, 2 H, J = 9.0 Hz), 3.85 (s, 3 H), 2.39 (s, 3 H) 
13C NMR:  (126 MHz, CDCl3) 
158.9, 138.0, 136.3, 133.7, 129.4, 127.9, 126.6, 114.1, 55.3, 21.0 
 MS: (EI, 70eV) 
  198 (M+, 100), 183 (44), 155 (22), 128 (6), 115 (4), 99 (4), 77 (2), 63 (2) 
 TLC: Rf  0.36 (hexanes/CH2Cl2, 1:1) [silica gel, UV] 
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4-Methoxy-4’-N,N-dimethylaminobiphenyl (59o) (Table 10, entry 7) 
(H3C)2NBr+(H3C)2N Si
CH3
CH3
OK
59o
OCH3
OCH3
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.25 mmol, 2.5 mol %), 
toluene (2 mL), 4-bromoanisole (126 µL, 1.0 mmol, 1.0 equiv) and K+53–  (350 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 3 h, the mixture was cooled to rt and 
subjected to an aqueous work-up.  Purification by MPLC (24 g SiO2, 30 mL/min, hexanes/ethyl 
acetate 19:1 (3 CV), ramp to hexane/ethyl acetate 3:2 (5 CV), hexane/ethyl acetate 3:2 (17 CV)) 
followed by trituration with hexanes (2 x 15 mL) afforded 200 mg (88%) of 59o as an off-white 
powder.  The spectroscopic data matched those from the literature and was free of any major 
impurities.187  
Data for 59o: 
  mp: 156-157 °C 
 1H NMR:      (500 MHz, CDCl3) 
  7.51 (d, 2 H, J=8.8 Hz), 7.48 (d, 2 H, J=8.5 Hz), 6.97 (d, 2 H, J=8.8 Hz), 6.83 (d, 
2 H, J=8.5 Hz), 3.86 (s, 3 H), 3.00 (s, 6 H) 
 13C NMR: (126 MHz, CDCl3) 
  158.2, 149.5, 133.9, 129.2, 127.3, 127.3, 114.1, 113.0, 55.3, 40.7 
 MS: (EI, 70eV) 
  227 (M+, 100), 212 (81), 196 (6), 184 (12), 168 (9), 152 (3), 139 (7), 113 (10), 92 
(6) 
 TLC: Rf  0.55 (hexanes/ethyl acetate, 3:2) [silica gel, UV (256)] 
           
286 
4-Trifluoromethyl-4’-N,N-dimethylaminobiphenyl (59a) (Table 10, entry 8) 
(H3C)2NBr+(H3C)2N Si
CH3
CH3
OK
59a
CF3
CF3
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.25 mmol, 2.5 mol %), 
toluene (2 mL), 4-bromobenzotrifluoride (138 µL, 1.0 mmol, 1.0 equiv) and K+53–  (350 mg, 1.5 
mmol, 1.5 equiv) were combined and heated to 90 °C.  After 3 h, the mixture was cooled to rt 
and subjected to an aqueous work-up.  Purification by MPLC (4 g SiO2, 18 mL/min, hexanes (3 
CV), ramp to hexane/ethyl acetate 3:1 (5 CV), hexane/ethyl acetate 3:1 (10 CV)) followed by 
trituration with hexanes (2 x 20 mL) afforded 195 mg (73%) of 59a as an off-white powder.  The 
spectroscopic data matched those from the literature and was free of any major impurities.188  
Data for 59a: 
  mp: 211-213 °C 
 1H NMR:      (500 MHz, CDCl3) 
  7.66–7.62 (m, 4 H), 7.53 (d, 2 H, J=8.8 Hz), 6.81 (d, 2 H, J=8.8 Hz), 3.02 (s, 6 H) 
 13C NMR: (126 MHz, CDCl3) 
  150.5, 144.6, 128.1 (JCF=32 Hz), 127.8, 127.3, 126.2, 125.6 (JCF=3.9 Hz), 124.5 
(JCF=271 Hz), 112.6, 40.4  
13C NMR: (470 MHz, CDCl3) 
  -62.6 
 MS: (EI, 70eV) 
  265 (M+, 100), 264 (77), 249 (10), 221 (4), 201 (8), 152 (10), 132.5 (7) 
 TLC: Rf  0.47 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256, 365)] 
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3-(4-N,N-Dimethylaminophenyl)quinoline (59p) (Table 10, entry 9) 
 
N
Br+(H3C)2N Si
CH3
CH3
OK
N
(H3C)2N
59p
2
3
4
56
7
8
9
2'3'
5'
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol %), 
toluene (2.0 mL), 3-bromoquinoline (136 µL, 1.0 mmol, 1.0 equiv) and K+53–  (350 mg, 1.5 
mmol, 1.5 equiv) were combined and heated to 90 °C.  After 3 h, the mixture was cooled to rt 
and subjected to an aqueous work-up. Purification by MPLC (24 g SiO2, 30 mL/min, 
hexane/ethyl acetate 9:1  (3 CV), gradient to hexane/ethyl acetate 3:2 (5 CV), hexane/ethyl 
acetate 3:2 (6 CV)) followed by sublimation (80 °C, 0.1 mmHg) afforded 198 mg (80%) of 59p 
as analytically pure yellow-colored plates. 
Data for 59p: 
 mp: 127-129 °C  
1H NMR:      (500 MHz, CDCl3) 
  9.19 (d, 1 H, J=2.2 Hz, HC(2)), 8.22 (d, 1 H, J=2.2 Hz, HC(7)), 8.11 (d, 1 H, 
J=8.4 Hz, HC(3)), 7.84 (d, 1 H, J=8.4 Hz, HC(6)), 7.67 (ddd, 1 H, J1=1.4 Hz, 
J2=7.0 Hz, J3=8.3 Hz, HC(4)), 7.64 (d, 2 H, J=8.9 Hz, HC(2’)), 7.54 (ddd, 1 H, 
J1=1.4 Hz, J2=7.0 Hz, J3=8.3 Hz, HC(5)), 6.86 (d, 2 H, J=8.9 Hz, HC(3’)), 3.03 (s, 
6 H,  H3C(5’))     
 13C NMR: (126 MHz, CDCl3) 
  150.4 (C(1’)), 149.9 (C(2)), 146.7 (C(8)), 133.8 (C(4’)), 131.3 (C(7)), 129.1 
(C(3)), 128.6 (C(4)), 128.3 (C(1)), 128.0 (C(2’)), 127.7 (C(6)), 126.7 (C(5)), 
125.4 (C(9)), 112.8 (C(3’)), 40.5 (C(5’)), 40.4 (C(5’)) 
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 IR: (KBr) 
2952 (w), 2849 (w), 2798 (w), 1602 (s), 1525 (s), 1355 (m), 1292 (w), 1212 (m), 
1061 (w), 950 (w), 813 (s) 
 MS: (EI, 70eV) 
  248 (M+, 100), 232 (12), 218 (1), 204 (12), 176 (4), 151 (2), 124 (10), 102 (6), 88 
(4) 
 HRMS: Calculated: C17H16N2 (248.1314); Found: 248.1312 
 TLC: Rf  0.26 (hexanes/ethyl acetate, 3:2) [silica gel, UV (256, 365)] 
 Analysis: C18H20O3 (284.35) 
 Calcd: C, 82.22;  H, 6.49; N, 11.28    
 Found: C, 81.88; H, 6.46; N, 11.23 
 
1-(4’-Methoxyphenyl)naphthalene (60o) (Table 10, entry 10) 
 
Br+Si
CH3
CH3
OK
60o
OCH3 OCH3
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol %), 
toluene (2.0 mL), 4-bromoanisole (126 µL, 1.0 mmol, 1.0 equiv) and K+52–  (361 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 4 h, the mixture was cooled to rt and 
subjected to an aqueous work-up. Purification by column chromatography (21 g SiO2 (20 x 110 
mm), 4:1 hexane/CH2Cl2) followed by recrystallization (EtOH) afforded 192 mg (82%) of 60o as 
colorless needles.  The spectroscopic data matched those from the literature and was free of 
major impurities.64b  
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Data for 60o: 
 mp: 115-116 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
  7.96 (d, 1 H, J=8.5 Hz), 7.92 (d, 1 H, J=8.1 Hz), 7.86 (d, 1 H, J=8.1 Hz), 7.55–
7.49 (m, 2 H), 7.47–7.43 (m, 4 H), 7.06 (d, 1 H, J=8.5 Hz), 3.91 (s, 3 H) 
 13C NMR: (126 MHz, CDCl3) 
  158.9, 139.9, 133.8, 133.1, 131.8, 131.1, 128.2, 127.3, 126.9, 126.0, 125.9, 125.7, 
125.4, 113.7, 55.3 
 MS: 234 (M+, 100), 219 (22), 189 (25), 165 (4), 94.5 (4) 
 TLC: Rf  0.28 (hexanes/CH2Cl2, 4:1) [silica gel, UV (256)] 
  
1-(4’-Trifluoromethylphenyl)naphthalene (60a) (Table 10, entry 11) 
 
Br+Si
CH3
CH3
OK
60a
CF3 CF3
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 4-bromobenzotrifluoride (138 µL, 1.0 mmol, 1.0 equiv) and K+52–  (361 mg, 
1.5 mmol, 1.5 equiv) were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt 
and subjected to an aqueous work-up. Purification by column chromatography (40 g SiO2 (30 x 
140 mm), pentane) afforded 219 mg (81%) of 60a as colorless solid.  The spectroscopic data 
matched those from the literature and was free of major impurities.189 
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Data for 60a: 
 mp: 47-49 °C 
1H NMR:      (500 MHz, CDCl3) 
  7.95 (d, 1 H, J=8.3 Hz), 7.92 (d, 1 H, J=8.3 Hz), 7.83 (d, 1 H, J=8.3 Hz), 7.77 (d, 
2 H, J=8.2 Hz), 7.63 (d, 2 H, J=8.2 Hz), 7.58–7.52 (m, 2 H), 7.49–7.42 (m, 2 H) 
 13C NMR: (126 MHz, CDCl3) 
  144.5, 138.7, 133.8, 131.2, 130.4, 129.5 (q, JCF=33 Hz), 128.4, 128.4, 127.0, 
126.4, 126.0, 125.5, 125.3, 125.2 (q, JCF=3.9 Hz), 124.3 (q, JCF=272 Hz)  
 19F NMR: (470 MHz, CDCl3) 
  -62.7 
 MS: (EI, 70 EV) 
  272 (M+, 100), 251 (11), 202 (44), 101 (8) 
 TLC: Rf  0.34 (hexanes) [silica gel, UV (256)] 
 
2-(4’-(1-(Naphthyl)phenyl)-1,3-dioxolane (60q) (Table 10, entry 12) 
 
Br+Si
CH3
CH3
OK
60q
O
O
O
O1
2 3
4
5
6
2'3'
4'
5'
6' 7'
8'
910
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 2-(4-bromophenyl)-1,3-dioxolane (229 mg, 1.0 mmol, 1.0 equiv) and K+52–  
(361 mg, 1.5 mmol, 1.5 equiv) were combined and heated to 90 °C.  After 4 h, the mixture was 
cooled to rt and subjected to an aqueous work-up. Purification by column chromatography (40 g 
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SiO2 (30 x 140 mm), hexane/ethyl acetate, 4:1) followed by recrystallization (hexanes) afforded 
195 mg (71%) of 60q as analytically pure, colorless needles.  
Data for 60q: 
 mp: 100-102 °C (hexanes) 
 1H NMR:      (500 MHz, CDCl3) 
  7.90 (d, 1 H, J=8.3 Hz, HC(2’)), 7.87 (app t, 2 H, J=8.7 Hz, HC(5’) and HC(8’)), 
7.62 (d, 2 H, J=8.2 Hz, HC(3)), 7.54–7.49 (m, 2 H, HC(3’) and HC(4’)), 7.52 (d, 
2 H, J=8.2 Hz, HC(2)), 7.43–7.40 (m, 2 H, HC(6’) and HC(7’)), 5.92 (s, 1 H, 
HC(5)), 4.23-4.18 (m, 2 H, HC(6)), 4.14-4.07 (m, 2 H, HC(6)) 
 13C NMR: (126 MHz, CDCl3) 
  141.7 C(1), 139.8 C(4), 136.8 C(1’), 133.7 C(9), 131.5 C(10), 130.1 C(2), 128.2 
C(2’), 127.7 C(8’), 126.9 C(6’ or 7’), 126.4 C(3), 126.0 (6’ or 7’), 125.9 (5’), 
125.8 (4’), 125.3 (4’), 103.7 C(5), 65.4 C(6) 
 IR: (KBr) 
  3044 (w), 2955 (w), 2880 (m), 1908 (w), 1857 (w), 1799 (w), 1612 (w ), 1595 
(m), 1500 (m), 1412 (m), 1382 (s), 1303 (m), 1221 (m), 1075 (s), 1021 (m), 963 
(s), 943 (s), 837 (s), 811 (s), 773 (s) 
 MS: (EI, 70eV) 
  276 (M+, 81), 231 (20), 215 (20), 204 (100), 115 (7), 102 (4), 73 (15) 
 HRMS: Calculated: C19H16O2 (276.1150); Found: 276.1153 
 TLC: Rf  0.33 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256)] 
 Analysis: C18H20O3 (284.35) 
 Calcd: C, 82.58;  H, 5.84   
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 Found: C, 82.45; H, 5.85 
 
4’-(Methoxy)-4-(trifluoromethyl)biphenyl (56o) (Table 11, entry 1) 
 
F3C Si
CH3
CH3
O-K+ + Br OCH3 F3C OCH3
56o
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol %), 
toluene (2.0 mL), 4-bromoanisole (187 mg, 1.0 mmol, 1.0 equiv) and K+51–  (388 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt and 
subjected to an aqueous work-up. Purification by column chromatography (SiO2, 20 x 100 mm, 
hexanes/CH2Cl2, 4:1)) followed by recrystallization (EtOH) afforded 231 mg (92%) of 56o as 
small, colorless plates. The spectroscopic data matched those from the literature and was free of 
any major impurities.64b  
Data for 56o: 
 mp: 121-122 °C (EtOH)  
1H NMR:      (500 MHz, CDCl3) 
  7.68–7.64 (m, 4 H), 7.55 (d, 2 H, J=8.8 Hz), 7.00 (d, 2 H, J=8.8 Hz), 3.87 (s, 3 H)     
 13C NMR: (126 MHz, CDCl3) 
  159.8, 144.3, 132.2, 128.7 (q, JCF=32 Hz), 128.3, 126.8, 125.6 (q, JCF=2.9 Hz), 
124.4 (q, JCF=271 Hz), 114.4, 55.4 
19F NMR:  (470 MHz, CDCl3) 
  -62.7 
 MS: (EI, 70eV) 
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  252 (M+, 100), 237 (24), 222 (1), 209 (32), 183 (6), 159 (2), 139 (4) 
 TLC: Rf  0.33 (hexanes/CH2Cl2, 4:1) [silica gel, UV (256)] 
   
4’-(N,N-Dimethylamino)-4-(trifluoromethyl)biphenyl (56s) (Table 11, entry 2) 
 
F3C Si
CH3
CH3
O-K+ + Br N(CH3)2 F3C N(CH3)2
56s
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 4-bromo-N,N-dimethylaniline (200 mg, 1.0 mmol, 1.0 equiv) and K+51–  (388 
mg, 1.5 mmol, 1.5 equiv) were combined and heated to 90 °C.  After 4 h, the mixture was cooled 
to rt and subjected to an aqueous work-up. Purification by MPLC (12 g SiO2, 30 mL/min, hexane 
(5 CV), ramp to hexane/ethyl acetate 9:1 (5 CV), hexane/ethyl acetate 9:1 (15 CV)) followed by 
trituration (hexanes) afforded 242 mg (91%) of 56s as an off-white powder. The spectroscopic 
data matched those from the literature and was free of any major impurities.188  
Data for 56s: 
 mp: 211-213 °C  
1H NMR:      (500 MHz, CDCl3) 
  7.66–7.62 (m, 4 H), 7.53 (d, 2 H, J=8.8 Hz), 6.81 (d, 2 H, J=8.8 Hz), 3.02 (s, 6 H)     
 13C NMR: (126 MHz, CDCl3) 
  150.5, 144.6, 128.1 (JCF=32 Hz), 127.8, 127.3, 126.2, 125.6 (JCF=3.9 Hz), 124.5 
(JCF=271 Hz), 112.6, 40.4 
 19F NMR: (470 MHz, CDCl3) 
  -62.6 
 MS: (EI, 70eV) 
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  265 (M+, 100), 264 (77), 249 (10), 221 (4), 201 (8), 152 (10), 132.5 (7) 
 TLC: Rf  0.47 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256, 365)] 
 
2’-(Methoxy)-4-(trifluoromethyl)biphenyl (56t) (Table 11, entry 3) 
 
F3C Si
CH3
CH3
O-K+ + Br F3C
56t
(t-Bu3P)2Pd
toluene, 90 °C
H3CO H3CO
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 2-bromoanisole (124 µL, 1.0 mmol, 1.0 equiv) and K+51–  (388 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt and 
subjected to an aqueous work-up. Purification by column chromatography (SiO2, 25 g, 20 x 120 
mm, hexanes/CH2Cl2, 4:1)) afforded 197 mg (78%) of 56t as a colorless oil. The spectroscopic 
data matched those from the literature and was free of any major impurities.190  
Data for 56t:   
1H NMR:      (500 MHz, CDCl3) 
  7.70–7.66 (m, 4 H), 7.39 (td, 1 H, J1=2.0 Hz, J2=8.3 Hz), 7.34 (dd, 1 H, J1=1.7 
Hz, J2=7.6 Hz), 7.08 (td, 1 H, J1=1.0 Hz, J2=7.6 Hz), 7.03 (d, 1 H, J=8.3 Hz), 3.84 
(s, 3 H) 
 13C NMR: (126 MHz, CDCl3) 
  156.4, 142.2, 130.8, 128.8, 129.5, 128.9 (q, JCF=32 Hz), 124.9 (q, JCF=3.8 Hz), 
124.4 (q, JCF=272 Hz), 121.0, 111.3, 55.5 (q, JCF=5.9 Hz) 
 19F NMR: (470 MHz, CDCl3) 
  -62.8 
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 MS: (EI, 70eV) 
  252 (M+, 100), 237 (14), 217 (30), 183 (10), 168 (37), 152 (50, 139 (10), 118 (6) 
 TLC: Rf  0.43 (hexanes/CH2Cl2, 4:1) [silica gel, UV (256)] 
 
tert-Butyl 4'-(Trifluoromethyl)biphenyl-4-carboxylate (56b) (Table 11, entry 4) 
F3C Si
CH3
CH3
O-K+ + Br
F3C
56b
(t-Bu3P)2Pd
toluene, 90 °C
Ot-Bu
O O
O
CH3
CH3
CH3
3
4
5
2
1
1'
2'3'
4'
5'
1''
2''
 
 Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol%), 
toluene (2 mL), tert-butyl 4-bromocarboxylate (257 mg, 1.0 mmol, 1.0 equiv) and K+51− (388 
mg, 1.5 mmol, 1.5 equiv) were combined and heated to 90 °C. After 5 h, the mixture was cooled 
to rt and subjected to an aqueous work-up.  Purification by column chromatography (SiO2, 23 g, 
20 x 130 mm, hexanes/ethyl acetate, 4:1) followed by recrystallization (EtOH) afforded 218 mg 
(68%) of 56b colorless plates. 
Data for 56b: 
 mp: 116-117 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
8.09 (d, 2 H, J=8.5 Hz, HC(3)), 7.72 (app. S, 4 H, HC(2’) and HC(3’)), 7.64 (d, 2 
H, J=8.5 Hz, HC(2)), 1.63 (s, 9 H, H3C(2’’)) 
13C NMR:  (126 MHz, CDCl3) 
165.4 C(5), 143.7 C(1), 143.5 C(1’), 131.7 C(4), 130.1 C(2’), 130.0 (q, J = 32 Hz, 
C(4’)), 127.6 C(2), 127.1 C(3), 125.8 (q, J = 3.9 Hz, C(3’)), 124.1 (q, J = 271 Hz, 
C(5’)), 81.3 C(1’’), 28.2 C(2’’)  
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19F NMR:  (470 MHz, CDCl3) 
-62.9 
 IR: (KBr) 
 2983 (w), 2935 (w), 1711 (s), 1613 (w), 1395 (m), 1375 (w), 1330 (m), 1300 (m), 
1255 (w), 1171 (m), 1123 (m), 1075 (m), 1001 (w), 834 (s), 777 (s), 736 (m), 702 
(w) 
 MS: (EI, 70eV) 
  322 (M+, 10), 303 (4), 266 (100), 249 (44), 221 (4), 201 (17), 183 (8), 152 (20), 
57 (24) 
 TLC: Rf  0.53 (hexanes/ethyl acetate, 9:1) [silica gel, UV] 
 
tert-Butyl 4'-(Trifluoromethyl)biphenyl-4-carboxylate (56b) (Table 11, entry 5) 
F3C Si
CH3
CH3
O-K+ + Cl
F3C
56b
(t-Bu3P)2Pd
toluene, 90 °C
Ot-Bu
O O
O
CH3
CH3
CH3
3
4
5
2
1
1'
2'3'
4'
5'
1''
2''
 
 Following General Procedure V, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol%), toluene 
(2 mL), tert-butyl 4-chlorocarboxylate (213 mg, 1.0 mmol, 1.0 equiv) and K+51− (388 mg, 1.5 
mmol, 1.5 equiv) were combined and heated to 90 °C. After 5 h, the mixture was cooled to rt and 
subjected to an aqueous work-up.  Purification by MPLC (12 g SiO2, 30 mL/min, hexanes (3 
CV), ramp to hexane/ethyl acetate 3:1 (20 CV), hexane/ethyl acetate 3:1 (5 CV)) followed by 
recrystallization (EtOH) afforded 200 mg (62%) of 56b as analytically pure, colorless plates. 
Data for 56b: 
 mp: 116-117 °C (EtOH) 
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 1H NMR:      (500 MHz, CDCl3) 
8.09 (d, 2 H, J=8.5 Hz, HC(3)), 7.72 (app. S, 4 H, HC(2’) and HC(3’)), 7.64 (d, 2 
H, J=8.5 Hz, HC(2)), 1.63 (s, 9 H, H3C(2’’)) 
13C NMR:  (126 MHz, CDCl3) 
165.4 C(5), 143.7 C(1), 143.5 C(1’), 131.7 C(4), 130.1 C(2’), 130.0 (q, J = 32 Hz, 
C(4’)), 127.6 C(2), 127.1 C(3), 125.8 (q, J = 3.9 Hz, C(3’)), 124.1 (q, J = 271 Hz, 
C(5’)), 81.3 C(1’’), 28.2 C(2’’)  
19F NMR:  (470 MHz, CDCl3) 
-62.9 
 IR: (KBr) 
 2983 (w), 2935 (w), 1711 (s), 1613 (w), 1395 (m), 1375 (w), 1330 (m), 1300 (m), 
1255 (w), 1171 (m), 1123 (m), 1075 (m), 1001 (w), 834 (s), 777 (s), 736 (m), 702 
(w) 
 MS: (EI, 70eV) 
  322 (M+, 10), 303 (4), 266 (100), 249 (44), 221 (4), 201 (17), 183 (8), 152 (20), 
57 (24) 
 TLC: Rf  0.53 (hexanes/ethyl acetate, 9:1) [silica gel, UV] 
Analysis: C18H17F3O2 (322.32) 
 Calcd: C, 67.07;  H, 5.32    
   Found:    C, 67.08;    H, 5.54 
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3-(4’-Trifluoromethylphenyl)pyridine (56u) (Table 11, entry 6) 
F3C Si
CH3
CH3
O-K+ +
N
Br
N
F3C
56u
(t-Bu3P)2Pd
toluene, 90 °C
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2 mL), 3-bromopyridine (96 µL, 1.0 mmol, 1.0 equiv) and K+51–  (388 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt and 
subjected to an aqueous work-up.  Purification by MPLC (25 g SiO2, 30 mL/min, hexanes/ethyl 
acetate 19:1 (4 CV), ramp to hexane/ethyl acetate 3:2 (9 CV), hexane/ethyl acetate 3:2 (6 CV)) 
followed by sublimation (35 °C @0.1 mmHg) afforded 174 mg (78%) of 56u as colorless plates.  
The spectroscopic data matched those from the literature and was free of any major impurities.191  
Data for 56u: 
  mp: 68–70 °C 
 1H NMR:      (500 MHz, CDCl3) 
  8.87 (d, 1 H, J=2.0 Hz), 8.66 (dd, 1 H, J1=1.5 Hz, J2=4.6 Hz), 7.90 (dt, 1 H, 
J1=2.0 Hz, J2=7.8 Hz), 7.75 (d, 2 H, J=8.3 Hz), 7.70 (d, 2 H, J=8.3 Hz), 7.43–7.40 
(m, 1 H) 
 13C NMR: (126 MHz, CDCl3) 
  149.4, 148.3, 141.4, 135.3, 134.5, 130.2 (q, JCF=33 Hz), 127.5, 126.0 (q, JCF=3.9 
Hz), 124.1 (q, JCF=272 Hz), 123.7 
19F NMR:  (470 MHz, CDCl3) 
  -63.8 
 MS: (EI, 70eV) 
  223 (M+, 79), 204 (12), 183 (3), 170 (8), 154 (28), 127 (11), 111.5 (5), 88  
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  (16), 73 (46), 61 (100) 
 HRMS: Calculated: C12H8NF3 (223.0609); Found: 223.0610   
 TLC: Rf  0.47 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256, 365)] 
 
3-(4-Fluorophenyl)quinoline (62p) (Table 11, entry 7) 
 
F Si
CH3
CH3
O-K+ + F
N
Br
N(t-Bu3P)2Pd
toluene, 90 °C
62p  
  Following General Procedure VIII, (t-Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol %), 
toluene (2.0 mL), 3-bromoquinoline (136 µL, 1.0 mmol, 1.0 equiv) and K+61-  (313 mg, 1.5 
mmol, 1.5 equiv) were combined and heated to 90 °C.  After 5 h, the mixture was cooled to rt 
and subjected to an aqueous work-up. Purification by MPLC (12 g SiO2, 25 mL/min, methylene 
chloride/ethyl acetate 95/5  (15 CV)) followed by recrystallization from ethanol afforded 187 mg 
(84%) of 62p as yellow plates.  The spectroscopic data matched those from the literature and was 
free of major impurities.187  
Data for 62p: 
 mp: 104-107 °C (EtOH) 
1H NMR:      (500 MHz, CDCl3) 
  9.13 (d, 1 H, J=2.2 Hz), 8.23 (d, 1 H, J=2.2 Hz), 8.14 (d, 1 H, J=8.3 Hz), 7.85 (d, 
J=8.3 Hz), 7.72 (t, 1 H, J=7.5 Hz), 7.67–7.64 (m, 2 H), 7.57 (t, 1 H, J=7.5 Hz), 
7.21 (t, 2 H, J=8.5 Hz) 
 13C NMR: (126 MHz, CDCl3) 
  162.9 (d, JCF=248 Hz), 149.6, 147.3, 134.0 (d, JCF=2.9 Hz), 133.0, 132.8, 129.4, 
129.2, 129.0 (d, JCF=7.8 Hz), 127.9, 127.9, 127.1, 116.1 (d, JCF=22.5 Hz) 
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 19F NMR: (470 MHz, CDCl3) 
  -114.3 
 MS: (EI, 70 EV) 
  223 (M+, 100), 194 (7), 175 (4), 98 (7), 85 (5) 
 TLC: Rf  0.29 (methylene chloride/ethyl acetate, 9:1) [silica gel, UV (256, 365)] 
 
2-(4’-Methoxy[1,1’-biphenyl]-4-yl)-1,3-dioxolane (63o) (Table 11, entry 8) 
 
Br+Si
CH3
CH3
OK OCH3
63o
O
O
OCH3
O
O
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 4-bromoanisole (126 µL, 1.0 mmol, 1.0 equiv) and K+55–  (394 mg, 1.5 mmol, 
1.5 equiv) were combined and heated to 90 °C.  After 3 h, the mixture was cooled to rt and 
subjected to an aqueous work-up.  Purification by column chromatography (SiO2, 40 g, 30 mm x 
130 mm, hexanes/ethyl acetate, 7:3) followed by recrystallization from hexanes (20 mL) 
afforded 197 mg (77%) of 63o as colorless plates.  The spectroscopic data matched those from 
the literature and was free of major impurities.186  
Data for 63o: 
 mp: 103-105 °C (hexanes) 
1H NMR:      (500 MHz, CDCl3) 
  7.58 (d, 2 H, J = 8.3 Hz), 7.54 (app. d, 4 H, J = 8.3 Hz), 6.99 (d, 2 H, J = 8.8 Hz), 
5.87 (s, 1 H), 4.18-4.15 (m, 2 H), 4.08-4.05 (m, 2 H), 3.86 (s, 3 H) 
 13C NMR: (126 MHz, CDCl3) 
  159.3, 141.7, 136.2, 133.3, 128.2, 126.8, 126.7, 114.2, 103.6, 65.3, 55.3 
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 MS: (EI, 70eV) 
  256 (M+, 61), 211 (23), 197 (20), 184 (100), 152 (16), 139 (12), 115 (7), 73 (12) 
 TLC: Rf  0.24 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256)] 
 
2-(4’-Chlorobiphenyl-4-yl)-1,3-dioxolane (63c) (Table 11, entry 9) 
 
Si
CH3
CH3
O-K+
O
O
+ Br Cl Cl
O
O
63c
1'
2' 3'
4'1
23
4
5
1''
 
  Following General Procedure VIII, (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5.0 mol %), 
toluene (2.0 mL), 4-bromochlorobenzene (191 mg, 1.0 mmol, 1.0 equiv) and K+55–  (394 mg, 1.5 
mmol, 1.5 equiv) were combined and heated to 90 °C.  After 3 h, the mixture was cooled to rt 
and subjected to an aqueous work-up. Purification by column chromatography (40 g SiO2 (30 x 
130 mm), 4:1 hexane/ethyl acetate) followed by trituration (hexanes) afforded 195 mg (71%) of 
63c as an analytically pure, colorless powder. 
Data for 63c: 
 mp: 126-128 °C (hexanes)  
1H NMR:      (500 MHz, CDCl3) 
  7.58–7.54 (m, 4 H, HC(2’ and 3’)), 7.51 (d, 2 H, J=8.5 Hz, HC(3)), 7.41 (d, 2 H, 
J=8.5 Hz, HC(2)), 5.86 (s, 1 H, HC(5)), 4.19-4.13 (m, 2 H, HC(1’’)), 4.10-4.04 
(m, 2 H, HC(1’’)) 
 13C NMR: (126 MHz, CDCl3) 
  140.9 C(1), 139.2 C(1’), 137.2 C(4), 133.6 C(4’), 128.9 C(2), 128.4 C(3), 127.0 
C(2 and 3), 103.5 C(5), 65.4 C(1’’) 
 MS: EI (70 EV) 
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  261 (M+1, 24), 259 (M-1, 53), 225 (10), 215 (31), 188 (100), 165 (22), 152 (49), 
126 (4), 73 (15) 
 HRMS: Calculated: C15H13O2Cl (260.0604); Found: 260.0606 
 IR: KBr 
  2962 (w), 2881 (w), 1483 (m), 1391 (w), 1089 (s), 1001 (w), 936 (w), 807 (s) 
 TLC: Rf  0.26 (hexanes/ethyl acetate, 4:1) [silica gel, UV (256)] 
 Analysis: C18H20O3 (284.35) 
 Calcd: C, 69.10;  H, 5.03   
 Found: C, 69.11; H, 5.07  
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General Procedure IX: Cross Coupling of Sodium (2,6-dichlorophenyl)dimethylsilanolate 
with Aryl Bromides (Table 11, entries 10-12).  
2’,6’-Dichloro-4-tert-butylbiphenyl (64r) (Table 11, entry 10) 
+Si
CH3
CH3
O-Na+ Br t-Bu
Cl
Cl
Cl
Cl
CH3
CH3
2 3
41
2'3'
4'
5' 6'
6
64r
(t-Bu3)2Pd
THF, 60 °C
CH3
5
 
 In a drybox, an oven dried, 5 mL, sealable Schlenk flask (see picture) equipped with a 
magnetic stir bar was charged (t-Bu3P)2Pd (25.6 mg, 0.050 mmol, 5 mol%) as a solid.  The flask 
was sealed and removed to a fume hood.  The flask was equipped with an argon adapter and the 
headspace was evacuated and backfilled with argon.  The Teflon seal was removed, THF (2.0 
mL) quickly added under a constant flow of argon, and the seal replaced resulting in a colorless 
solution.  4-bromo-tert-butylbenzene 40r (170 mL, 1.0 mmol, 1.0 equiv) and Na+54- were added 
as described above and the flask completely sealed.  The flask was placed into a preheated 90 °C 
oil bath.  After 1.5 h, the flask was removed from the oil bath and cooled to rt (20 min).  (t-
Bu3P)2Pd (12.8 mg, 0.025 mmol, 2.5 mol%) and Na+54– (122 mg, 0.5 mmol, 0.5 equiv) were 
added as previously described and the flask was again sealed.  The flask was submerged into a 
90 °C oil bath.  After 1.5 h, the flask was cooled to rt and the reaction mixture was diluted with 
ethyl acetate (2 mL).  The mixture was transferred into a 50 mL recovery flask and the solvents 
were removed in vacuo (35 °C, 10 mmHg).  The resulting dark brown oil was dissolved into 
ethyl acetate (20 mL), H2O (20 mL) was added, and the biphasic mixture was transferred to a 
125 mL separatory funnel.  The aq. layer was removed and extracted with ethyl acetate (2 x 20 
mL).  The organic layers were washed with brine (2 x 20 mL), combined, and dried (MgSO4, 5 
g).  The volatiles were removed in vacuo (35 °C, 10 mmHg) to afford a dark brown oil.  
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Purification by column chromatography (SiO2, 30 x 150 mm, hexanes then C-18 reverse phase, 
15 mm x 205 mm, CH3CN/H2O, 4:1) followed by Kugelrohr distillation (145 °C, 0.3 mmHg) 
afforded 190 mg (68%) of 64r as a colorless oil.  Compound 64r was found to be >99% as 
determined by 1H NMR integration.185  
Data for 64r: 
bp: 145 °C (ABT, 0.3 mmHg)  
 1H NMR:      (500 MHz, CDCl3) 
7.47 (d, 2 H, J=8.4 Hz, HC(2)), 7.39 (d, 2 H, J=8.1 Hz, HC(3’) and HC(5’)), 
7.22–7.19 (m, 1 H, HC(4’)), 7.19 (d, 2 H, J=8.4 Hz, HC(3)), 1.38 (s, 9 H, H3C(6)) 
13C NMR:  (126 MHz, CDCl3) 
150.8 C(4), 139.6 C(1’), 135.1 C(2’) and C(6’), 133.9 C(1), 129.1 C(3), 128.7 
C(4), 128.0 C(3’) and C(5’), 125.0 C(2), 34.7 C(5), 31.4 C(6) 
 IR: (neat) 
 2962 (m), 2901 (w), 2867 (w), 1908 (w), 1555 (w), 1426 (s), 1395 (w), 1361 (w), 
1191 (m), 1120 (w), 909 (m), 834 (w), 773 (s), 739 (m) 
 MS: (EI, 70eV) 
  282 (4), 280 (23), 278 (34), 267 (16), 265 (72), 263 (100), 235 (19), 213 (4), 192 
(7), 176 (9), 165 (12), 152 (14), 117.5 (20), 88  (9) 
 HRMS: Calculated: C16H30Cl2 (278.06629); Found: 278.0626 
 TLC: Rf  0.30 (hexanes) [silica gel, UV] 
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2’,6’-Dichloro-4-N,N-dimethylaminobiphenyl (64s) (Table 11, entry 11) 
+Si
CH3
CH3
O-Na+ Br N(CH3)2
Cl
Cl
Cl
Cl
N
CH3
CH3
2 3
41
2'3'
4'
5' 6'
1''
64s
(t-Bu3)2Pd
THF, 60 °C
 
 Following General Procedure IX, (t-Bu3P)2Pd (39.0 mg, 0.075 mmol, 7.5 mol%), THF (2 
mL), 4-bromo-N,N-dimethylaniline (200 mg, 1.0 mmol, 1.0 equiv) and Na+54− (487 mg, 2.0 
mmol, 2.0 equiv) were combined, sealed and heated to 90 °C. After 3 h, the mixture was cooled 
to rt and subjected to an aqueous work-up. Purification by column chromatography (SiO2, 40 g, 
30 mm diameter, hexanes) followed by recrystallization (EtOH) afforded 202 mg (76%) of 64s 
as analytically pure, colorless needles. 
Data for 64s: 
mp: 84-85 °C (EtOH) 
 1H NMR:      (500 MHz, CDCl3) 
7.38 (d, 2 H, J=8.1 Hz, HC(3) and HC(5)), 7.19–7.13 (m, 1 H, HC(4)), 7.15 (d, 2 
H, J=8.9 Hz, HC(2)), 6.79 (d, 2 H, J=8.9 Hz, HC(3)), 3.02 (s, 6 H, H3C(1’’))  
13C NMR:  (126 MHz, CDCl3) 
149.9 C(4), 139.7 C(1’), 135.6 C(2’) and C(6’), 130.4 C(2), 128.3 C(4), 128.0 
C(3’) and C(5’), 124.6 C(1), 111.4 C(3), 40.3 C(1’’) 
 IR: (KBr) 
 2888 (w), 2802 (w), 2355 (m), 2324 (w), 1610 (m), 1522 (m), 1434 (m), 1355 
(m), 1224 (w), 1187 (w), 910 (s), 773 (s), 743 (s), 664 (w) 
 MS: (EI, 70eV) 
  269 (14), 267 (71), 266 (M+, 71), 265 (100), 251 (5), 249 (7), 186 (19), 165 (3), 
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152 (11), 132 (19) 
 HRMS: Calculated: C14H13NCl2 (265.0425); Found: 265.0423 
 TLC: Rf  0.16 (hexanes/CH2Cl2, 7:3) [silica gel, UV] 
 Analysis: C14H13NCl2 (266.17) 
 Calcd: C, 63.17;  H, 4.92; N, 5.26    
  Found:    C, 63.17;    H, 4.91; N, 5.30  
 
2’,4,6’-Trichlorobiphenyl (64c) (Table  11, entry 12) 
+Si
CH3
CH3
O-Na+ Br Cl
Cl
Cl
Cl
Cl
Cl
2 3
41
2'3'
4'
5' 6'
64c
(t-Bu3)2Pd
THF, (90 °C)
 
 Following General Procedure IX, (t-Bu3P)2Pd (39.0 mg, 0.075 mmol, 7.5 mol%), THF (2 
mL), 4-bromochlorobenezene (200 mg, 1.0 mmol, 1.0 equiv) and Na+54− (487 mg, 2.0 mmol, 2.0 
equiv) were combined, sealed and heated to 90 °C. After 3 h, the mixture was cooled to rt and 
subjected to an aqueous work-up. Purification by column chromatography (SiO2, 30 x 150 mm, 
hexanes, then C-18 reverse phase, 15 mm x 205 mm, CH3CN/H2O, 4:1) followed by Kugelrohr 
distillation (125 °C, 0.05 mmHg) afforded 180 mg (70%) of 64c as a colorless oil. Compound 
64c was found to be >99% as determined by 1H NMR integration.185  
Data for 64c: 
bp: 125 °C (ABT, 0.05 mmHg)  
 1H NMR:      (500 MHz, CDCl3) 
7.46 (d, 2 H, J=8.5 Hz, HC(2)), 7.42 (d, 2 H, J=8.1 Hz, HC(3’) and HC(5’)). 
7.27–7.25 (m, 1 H, HC(4)), 7.23 (d, 2 H, J=8.5 Hz, HC(3)) 
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13C NMR:  (126 MHz, CDCl3) 
138.3 C(1’), 135.2 C(1), 134.9 C(2’) and C(6’), 134.2 C(4), 131.0 C(3), 129.3 
C(4’), 128.5 C(2), 128.1 C(3’) and C(5’) 
 IR: (neat) 
 3078 (w), 3044 (w), 1575 (w), 1554 (w), 1493 (w), 1425 (m), 1187 (m), 1109 (w), 
1085 (w), 1021 (w), 1001 (w), 909 (w), 831 (w), 777 (s), 733 (m) 
 MS: (EI, 70eV) 
  260 (2), 258 (6), 256 (7), 223 (100), 204 (10), 186 (6), 149 (26), 125 (7) 
 HRMS: Calculated: C12H7Cl3 (255.9614); Found: 255.9612 
 TLC: Rf  0.31 (hexanes) [silica gel, UV] 
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8.5. Chapter 4 Procedures 
General Procedure X: Analysis and Kinetic Measurements for Catalytic Cross-Coupling of 
Arylsilanolates Employing (t-Bu3P)2Pd (Scheme 25). 
Initial Parameters: 
K+39–  150 mM 
40v  100 mM 
Pd cat.  5 mM 
Si
O-K+
Me Me
+
Br
(t-Bu3P)2Pd (cat.) 5 µM
toluene, 95 °CMeO
F
MeO F
K+39– 40v 41v
150 mM 100 mM  
 In a drybox, an oven-dried, 2.5-mL vial equipped with a magnetic stir bar was charged 
with (t-Bu3P)2Pd (2.5 mg, 0.0049 mmol), toluene (0.8 mL), benzotrifluoride (5 µL) and 40v (11 
µL, 17.5 mg, 0.10 mmol) resulting in a colorless solution. K+39– (33 mg, 0.15 mmol) was added 
as a solid and the sides of the vial were rinsed with additional toluene (0.2 mL).  The mixture 
was stirred for 3 min to ensure complete dissolution was observed.  The resulting solution was 
transferred into an oven-dried, 5-mm NMR tube.  The tube was sealed with a septum and 
wrapped with Parafilm to exclude any oxygen or moisture.  The NMR tube was removed from 
the drybox and inserted into a preheated 95 °C NMR probe.  The temperature of the reaction 
solution was allowed to equilibrate for 3 min prior to data collection.192 The reaction progress 
was monitored by the disappearance of starting aryl halide (19F NMR, -115.9 ppm) as compared 
to an internal reference (PhCF3, 19F NMR, -63.2 ppm)) via 19F NMR spectroscopy using the 
following parameters: at = 0.328, d1 = 1, pw90 = 18.25, pw=pw90/2, nt=24, sampling every 120 
s.193  The rate of the reaction was determined by the slope of the linear plot194: kobs = 1.16 x 10-2 
mMs-1.
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Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalization 
(mM) 
0 1.086 1.435 100.03 
120 1.076 1.417 98.77 
240 1.098 1.409 98.20 
360 1.095 1.377 95.99 
480 1.083 1.368 95.30 
600 1.058 1.345 93.70 
720 1.077 1.329 92.61 
840 1.056 1.313 91.51 
960 1.099 1.280 89.20 
1080 1.079 1.261 87.91 
1200 1.067 1.235 86.08 
1320 1.089 1.231 85.77 
1440 1.042 1.183 82.47 
1560 1.039 1.173 81.74 
1680 1.053 1.143 79.63 
1800 1.055 1.119 77.97 
1920 1.040 1.109 77.31 
2040 1.045 1.089 75.91 
2160 1.059 1.052 73.32 
2280 1.069 1.034 72.07 
2400 1.062 1.012 70.55 
2520 1.037 0.993 69.19 
2640 1.045 0.982 68.44 
2760 1.055 0.970 67.59 
2880 1.027 0.940 65.52 
3000 1.017 0.911 63.50 
3120 1.031 0.886 61.71 
3240 1.031 0.867 60.38 
3360 1.040 0.849 59.14 
3480 1.042 0.834 58.12 
3600 1.003 0.793 55.29 
3720 1.048 0.794 55.32 
3840 1.022 0.757 52.75 
3960 1.012 0.758 52.80 
4080 1.002 0.730 50.86 
4200 1.006 0.714 49.75 
4320 1.052 0.693 48.29 
4440 1.009 0.647 45.09 
4560 1.029 0.672 46.83 
4680 1.005 0.636 44.31 
4800 1.024 0.621 43.29 
4920 0.982 0.565 39.36 
5040 0.999 0.541 37.72 
5160 1.012 0.532 37.04 
5280 0.990 0.497 34.65 
5400 1.015 0.499 34.74 
5520 0.978 0.486 33.86 
5640 0.980 0.454 31.66 
5760 0.976 0.450 31.37 
5880 0.966 0.414 28.88 
6000 0.973 0.412 28.70 
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6120 0.978 0.396 27.57 
6240 0.970 0.385 26.86 
6360 1.001 0.390 27.15 
6480 0.985 0.370 25.80 
6600 0.974 0.341 23.77 
6720 0.985 0.328 22.86 
6840 1.000 0.313 21.79 
6960 0.965 0.281 19.57 
7080 0.974 0.284 19.81 
7200 0.971 0.275 19.18 
7320 0.964 0.269 18.76 
7440 1.001 0.246 17.15 
7560 0.966 0.230 16.05 
7680 0.964 0.232 16.17 
7800 0.979 0.210 14.61 
7920 0.988 0.208 14.49 
8040 0.980 0.203 14.14 
8160 1.001 0.190 13.22 
8280 0.982 0.168 11.68 
8400 0.978 0.161 11.18 
8520 0.979 0.160 11.13 
8640 0.924 0.151 10.55 
8760 0.936 0.141 9.84 
8880 0.952 0.137 9.51 
9000 0.973 0.108 7.55 
9120 0.957 0.128 8.91 
9240 0.962 0.114 7.97 
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Initial Parameters: 
K+39–  150 mM 
40v  100 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.7 mg, 0.0053 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 1.00 x 10-2 s-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalization 
(mM) 
0 0.968 1.255 99.98 
120 0.935 1.228 97.81 
240 0.970 1.229 97.91 
360 0.964 1.214 96.71 
480 0.959 1.193 95.06 
600 0.942 1.188 94.66 
720 0.932 1.147 91.36 
840 0.951 1.158 92.30 
960 0.967 1.136 90.55 
1080 0.962 1.115 88.88 
1200 0.951 1.117 89.01 
1320 0.964 1.087 86.58 
1440 0.934 1.085 86.46 
1560 0.958 1.076 85.75 
1680 0.939 1.052 83.80 
1800 0.980 1.045 83.30 
1920 0.977 1.009 80.42 
2040 0.945 0.978 77.94 
2160 0.958 0.970 77.29 
2280 0.972 0.966 76.95 
2400 0.945 0.941 74.96 
2520 0.917 0.951 75.75 
2640 0.965 0.920 73.27 
2760 0.926 0.920 73.33 
2880 0.960 0.874 69.60 
3000 0.973 0.874 69.63 
3120 0.925 0.848 67.61 
3240 0.929 0.836 66.64 
3360 0.927 0.825 65.72 
3480 0.932 0.787 62.72 
3600 0.932 0.783 62.37 
3720 0.964 0.758 60.40 
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3840 0.941 0.748 59.63 
3960 0.961 0.727 57.89 
4080 0.923 0.714 56.89 
4200 0.958 0.658 52.42 
4320 0.952 0.662 52.75 
4440 0.922 0.651 51.91 
4560 0.904 0.627 49.98 
4680 0.946 0.590 47.01 
4800 0.943 0.594 47.36 
4920 0.946 0.570 45.45 
5040 0.944 0.583 46.47 
5160 0.963 0.593 47.25 
5280 0.957 0.560 44.58 
5400 0.946 0.547 43.61 
5520 0.958 0.539 42.96 
5640 0.956 0.524 41.74 
5760 0.929 0.512 40.77 
5880 0.942 0.492 39.16 
6000 0.941 0.485 38.66 
6120 0.931 0.459 36.59 
6240 0.969 0.450 35.88 
6360 0.965 0.439 34.95 
6480 0.943 0.426 33.91 
6600 0.959 0.403 32.10 
6720 0.973 0.393 31.28 
6840 0.955 0.388 30.90 
6960 0.937 0.379 30.18 
7080 0.970 0.357 28.46 
7200 0.956 0.373 29.69 
7320 0.978 0.341 27.17 
7440 0.963 0.331 26.41 
7560 0.961 0.306 24.37 
7680 0.939 0.327 26.08 
7800 0.952 0.314 25.04 
7920 0.955 0.284 22.60 
8040 0.924 0.256 20.36 
8160 0.926 0.248 19.74 
8280 0.919 0.224 17.89 
8400 0.905 0.216 17.24 
8520 0.914 0.229 18.29 
8640 0.921 0.214 17.06 
8760 0.952 0.197 15.71 
8880 0.947 0.186 14.82 
9000 0.936 0.166 13.23 
9120 0.948 0.169 13.44 
9240 0.934 0.162 12.90 
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avg kobs = 1.08 x 10-2 s-1 ± 1.1 x 10-3 
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INDEX OF KINETIC EXPERIMENTS FOR CATALYTIC CROSS-COUPLING OF 
ARYLSILANOLATES EMPLOYING (t-Bu3P)2Pd 
Page  
Order in K+39–  
 75 mM 315 
 150 mM 308 
 300 mM 319 
Order in 4-Bromofluorobenzene 40v  
 100 mM 308 
 200 mM 322 
 400 mM 328 
Order in Palladium  
 5.0 mM 308 
 10.0 mM 332 
 15.0 mM 336 
 20.0 mM 340 
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Order in K+39–  
K+39–  75 mM 
40v  100 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (17 mg, 0.075 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 1.02 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 1.335 1.744 99.99 
120 1.320 1.712 98.18 
240 1.342 1.707 97.88 
360 1.305 1.676 96.11 
480 1.314 1.630 93.47 
600 1.336 1.587 91.01 
720 1.292 1.566 89.77 
840 1.275 1.553 89.04 
960 1.264 1.520 87.14 
1080 1.282 1.492 85.54 
1200 1.244 1.459 83.66 
1320 1.261 1.427 81.82 
1440 1.240 1.413 81.00 
1560 1.267 1.357 77.82 
1680 1.243 1.332 76.40 
1800 1.229 1.312 75.25 
1920 1.235 1.279 73.34 
2040 1.257 1.233 70.72 
2160 1.240 1.218 69.82 
2280 1.245 1.199 68.78 
2400 1.201 1.184 67.92 
2520 1.164 1.163 66.71 
2640 1.204 1.124 64.46 
2760 1.193 1.087 62.30 
2880 1.172 1.079 61.85 
3000 1.186 1.059 60.71 
3120 1.209 1.036 59.42 
3240 1.200 1.012 58.02 
3360 1.210 0.977 56.03 
3480 1.183 0.978 56.06 
3600 1.154 0.932 53.44 
3720 1.199 0.943 54.08 
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3840 1.168 0.904 51.85 
3960 1.181 0.893 51.19 
4080 1.164 0.883 50.66 
4200 1.175 0.862 49.45 
4320 1.165 0.823 47.16 
4440 1.173 0.842 48.26 
4560 1.169 0.800 45.85 
4680 1.137 0.806 46.20 
4800 1.154 0.789 45.25 
4920 1.160 0.775 44.45 
5040 1.135 0.758 43.48 
5160 1.144 0.727 41.71 
5280 1.154 0.726 41.61 
5400 1.164 0.708 40.61 
5520 1.150 0.706 40.47 
5640 1.128 0.674 38.64 
5760 1.169 0.693 39.74 
5880 1.117 0.679 38.96 
6000 1.150 0.668 38.31 
6120 1.118 0.656 37.62 
6240 1.139 0.637 36.52 
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Order in K+39–  
K+39–  75 mM 
40v  100 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (17 mg, 0.075 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy. kobs = 1.01 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 1.335 1.744 100.00 
120 1.320 1.712 100.74 
240 1.342 1.707 98.93 
360 1.305 1.676 97.93 
480 1.314 1.630 97.06 
600 1.336 1.587 95.57 
720 1.292 1.566 94.67 
840 1.275 1.553 93.23 
960 1.264 1.520 91.58 
1080 1.282 1.492 90.46 
1200 1.244 1.459 89.07 
1320 1.261 1.427 88.98 
1440 1.240 1.413 86.75 
1560 1.267 1.357 86.35 
1680 1.243 1.332 83.68 
1800 1.229 1.312 82.71 
1920 1.235 1.279 80.72 
2040 1.257 1.233 79.18 
2160 1.240 1.218 78.30 
2280 1.245 1.199 76.65 
2400 1.201 1.184 74.62 
2520 1.164 1.163 73.96 
2640 1.204 1.124 70.94 
2760 1.193 1.087 70.44 
2880 1.172 1.079 61.01 
3000 1.186 1.059 68.85 
3120 1.209 1.036 67.44 
3240 1.200 1.012 65.76 
3360 1.210 0.977 62.92 
3480 1.183 0.978 63.13 
3600 1.154 0.932 61.73 
3720 1.199 0.943 60.97 
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3840 1.168 0.904 59.72 
3960 1.181 0.893 60.01 
4080 1.164 0.883 59.48 
4200 1.175 0.862 57.37 
4320 1.165 0.823 57.02 
4440 1.173 0.842 56.52 
4560 1.169 0.800 55.26 
4680 1.137 0.806 54.17 
4800 1.154 0.789 54.28 
4920 1.160 0.775 53.46 
5040 1.135 0.758 52.34 
5160 1.144 0.727 52.04 
5280 1.154 0.726 51.24 
5400 1.164 0.708 51.39 
5520 1.150 0.706 48.93 
5640 1.128 0.674 48.85 
5760 1.169 0.693 47.38 
5880 1.117 0.679 48.22 
6000 1.150 0.668 100.00 
6120 1.118 0.656 100.74 
6240 1.139 0.637 98.93 
 
avg kobs = 1.02 x 10-2 mMs-1 ± 7.1 x 10-5 
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Initial Parameters: 
K+39–  300 mM 
40v  100 mM 
Pd cat.  5 mM 
Following General Procedure X, the following modifications were required for 
experiments involving >150 mM in K+39– :195  In a drybox, an oven-dried, 2.5-mL vial equipped 
with a magnetic stir bar was charged with (t-Bu3P)2Pd (2.5 mg, 0.0049 mmol), toluene (0.8 mL), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) resulting in a colorless solution. 
Silanolate K+39– (33 mg, 0.15 mmol) was added as a solid and the sides of the vial were rinsed 
with toluene (0.2 mL).  The mixture was stirred for 3 min to ensure complete dissolution.  The 
remaining K+39– (33 mg, 0.15 mmol) was added into an oven-dried, 5-mm NMR tube.  The 
reaction solution was transferred into the NMR tube containing the excess silanolate and was 
shaken vigorously.  The tube was sealed with a septum and wrapped with Parafilm to exclude 
any oxygen or moisture.  The NMR tube was removed from the drybox and inserted into a 
preheated 95 °C NMR probe.  The temperature of the reaction solution was allowed to 
equilibrate for 3 min at which point the NMR tube was ejected and shaken to ensure complete 
homogeneity. The tube was returned to the heated probe and the reaction progress was monitored 
by the disappearance of starting aryl halide (19F NMR, -115.9 ppm) as compared to an internal 
reference (PhCF3, 19F NMR, -63.2 ppm)) via 19F NMR spectroscopy using the following 
parameters: at = 0.328, d1 = 1, pw90 = 18.25, pw=pw90/2, nt=24, sampling every 120 s. kobs = 
1.3 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 2.465 1.992 97.86 
120 2.486 1.982 95.89 
240 2.478 1.982 97.70 
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360 2.501 1.967 96.85 
480 2.489 1.954 94.75 
600 2.486 1.960 93.69 
720 2.494 1.978 92.89 
840 2.528 1.931 91.72 
960 2.516 1.927 91.44 
1080 2.521 1.895 88.78 
1200 2.550 1.915 88.50 
1320 2.534 1.898 87.76 
1440 2.501 1.872 85.77 
1560 2.511 1.859 85.35 
1680 2.534 1.822 83.67 
1800 2.551 1.856 82.04 
1920 2.528 1.840 81.97 
2040 2.540 1.800 79.53 
2160 2.538 1.780 78.11 
2280 2.524 1.765 76.84 
2400 2.531 1.743 75.70 
2520 2.548 1.737 74.44 
2640 2.536 1.687 71.88 
2760 2.554 1.682 69.76 
2880 2.529 1.667 68.16 
3000 2.518 1.630 66.96 
3120 2.559 1.622 66.16 
3240 2.526 1.590 63.65 
3360 2.548 1.559 62.45 
3480 2.541 1.557 59.92 
3600 2.554 1.511 58.68 
3720 2.559 1.484 56.90 
3840 2.579 1.460 54.99 
3960 2.552 1.438 54.40 
4080 2.548 1.414 51.29 
4200 2.552 1.366 50.20 
4320 2.551 1.325 47.89 
4440 2.581 1.295 47.19 
4560 2.554 1.272 44.82 
4680 2.549 1.257 43.12 
4800 2.549 1.209 41.19 
4920 2.564 1.187 38.97 
5040 2.579 1.138 36.60 
5160 2.567 1.115 35.45 
5280 2.548 1.081 32.16 
5400 2.548 1.045 30.21 
5520 2.555 1.034 28.60 
5640 2.574 0.975 26.94 
5760 2.553 0.954 25.73 
5880 2.559 0.910 22.82 
6000 2.557 0.897 20.83 
6120 2.550 0.852 19.59 
6240 2.569 0.819 17.27 
6360 2.541 0.783 14.43 
6480 2.577 0.740 14.17 
6600 2.582 0.695 9.80 
6720 2.575 0.674 8.61 
6840 2.584 0.611 7.56 
6960 2.589 0.574 6.14 
           
321 
7080 2.597 0.543 2.60 
7200 2.558 0.512 2.07 
7320 2.581 0.489 0.57 
 
 
Order in K+39– with (t-Bu3P)2Pd 
K+39–  300 mM 
40v  100 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (66 mg, 0.30 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy. kobs = 1.13 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 0.997 1.135 100.00 
120 0.959 1.254 96.78 
240 0.961 1.214 95.40 
360 0.966 1.196 94.81 
480 0.966 1.189 93.75 
600 0.948 1.176 92.99 
720 0.943 1.166 92.66 
840 0.987 1.162 90.59 
960 0.997 1.136 91.00 
1080 0.961 1.141 88.71 
1200 0.974 1.112 89.92 
1320 0.980 1.128 86.96 
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1440 0.954 1.091 86.66 
1560 0.942 1.087 85.64 
1680 0.951 1.074 85.56 
1800 0.957 1.073 82.24 
1920 0.959 1.031 81.19 
2040 0.958 1.018 83.08 
2160 0.973 1.042 81.40 
2280 0.935 1.021 80.79 
2400 0.939 1.013 78.26 
2520 0.963 0.981 77.42 
2640 0.960 0.971 75.37 
2760 0.963 0.945 76.00 
2880 0.943 0.953 75.35 
3000 0.954 0.945 73.37 
3120 0.954 0.920 74.50 
3240 0.954 0.934 69.22 
3360 0.928 0.868 70.49 
3480 0.962 0.884 68.36 
3600 0.955 0.857 63.45 
3720 0.968 0.796 63.01 
3840 0.985 0.790 62.40 
3960 0.939 0.782 62.59 
4080 0.973 0.785 59.29 
4200 0.926 0.743 60.03 
4320 0.976 0.753 56.39 
4440 0.947 0.707 54.99 
4560 0.967 0.690 54.26 
4680 0.949 0.680 51.83 
4800 0.932 0.650 50.80 
4920 0.971 0.637 50.19 
5040 0.979 0.629 47.39 
5160 0.946 0.594 46.92 
5280 0.945 0.588 45.42 
5400 0.921 0.570 43.77 
5520 0.951 0.549 40.83 
5640 0.958 0.512 38.04 
5760 0.952 0.477 39.58 
5880 0.963 0.496 37.59 
6000 0.937 0.471 35.78 
6120 0.936 0.449 35.25 
6240 0.944 0.442 31.50 
6360 0.936 0.395 30.06 
6480 0.949 0.377 28.50 
6600 0.970 0.357 27.58 
6720 0.958 0.346 25.46 
6840 0.970 0.319 23.72 
6960 0.944 0.297 21.65 
7080 0.935 0.272 19.84 
7200 0.969 0.249 18.77 
7320 0.935 0.235 17.78 
7440 0.954 0.223 16.20 
7560 0.942 0.203 14.60 
7680 0.965 0.183 14.96 
7800 0.917 0.188 12.02 
7920 0.953 0.151 10.06 
8040 0.982 0.126 6.70 
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8160 0.966 0.084 8.03 
8280 0.934 0.101 7.37 
 
avg kobs = 1.22 x 10-2 mMs-1 ± 1.2 x 10-3 
 
 
Order in K+39– (pp. 136, 142, 146): 
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Order in 40v with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  200 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (22 µL, 35 mg, 0.20 mmol) were dissolved in toluene (0.8 mL), 
followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless solution. 
The tube was placed into a preheated 95 °C NMR probe and the reaction progress was monitored 
by 19F NMR spectroscopy.  kobs = 1.21 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 0.984 2.266 197.08 
120 0.996 2.295 199.59 
240 1.009 2.309 200.78 
360 1.028 2.298 199.86 
480 1.025 2.283 198.56 
600 1.007 2.269 197.33 
720 0.998 2.265 196.98 
840 1.028 2.247 195.43 
960 1.035 2.240 194.81 
1080 1.029 2.219 192.97 
1200 0.995 2.195 190.86 
1320 0.982 2.166 188.33 
1440 1.034 2.171 188.81 
1560 1.017 2.167 188.39 
1680 1.051 2.137 185.82 
1800 1.030 2.113 183.78 
1920 1.022 2.104 182.94 
2040 1.008 2.084 181.19 
2160 1.028 2.070 180.01 
2280 1.035 2.037 177.09 
2400 1.003 2.062 179.31 
2520 1.023 1.996 173.59 
2640 0.989 2.041 177.46 
2760 1.034 2.000 173.92 
2880 1.020 1.955 170.01 
3000 1.001 1.959 170.32 
3120 1.026 1.905 165.64 
3240 1.009 1.917 166.66 
3360 1.023 1.902 165.42 
3480 1.004 1.896 164.83 
3600 1.025 1.836 159.66 
3720 0.991 1.850 160.87 
           
325 
3840 1.018 1.847 160.64 
3960 1.040 1.780 154.82 
4080 1.019 1.793 155.94 
4200 0.999 1.775 154.36 
4320 1.026 1.742 151.50 
4440 1.017 1.732 150.63 
4560 1.009 1.718 149.36 
4680 0.998 1.709 148.64 
4800 1.026 1.694 147.29 
4920 1.019 1.674 145.54 
5040 1.019 1.640 142.62 
5160 0.994 1.651 143.57 
5280 1.012 1.610 140.03 
5400 1.039 1.599 139.08 
5520 0.998 1.589 138.16 
5640 0.995 1.559 135.53 
5760 0.985 1.559 135.60 
5880 1.004 1.508 131.13 
6000 0.983 1.478 128.49 
6120 1.007 1.490 129.54 
6240 1.020 1.494 129.94 
6360 1.033 1.463 127.23 
6480 0.984 1.437 124.99 
6600 0.991 1.379 119.89 
6720 1.025 1.360 118.28 
6840 1.050 1.345 116.99 
6960 1.009 1.340 116.52 
7080 1.032 1.320 114.79 
7200 1.005 1.355 117.87 
7320 1.003 1.329 115.59 
7440 1.040 1.316 114.41 
7560 0.993 1.314 114.26 
7680 1.010 1.291 112.29 
7800 1.012 1.264 109.91 
7920 1.020 1.272 110.57 
8040 1.019 1.269 110.34 
8160 1.030 1.273 110.68 
8280 1.008 1.235 107.43 
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Order in 40v with (t-Bu3P)2Pd 
K+39–  150  
40v  200 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (22 µL, 35 mg, 0.20 mmol) were dissolved in toluene (0.8 mL), 
followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless solution. 
The tube was placed into a preheated 95 °C NMR probe and the reaction progress was monitored 
by 19F NMR spectroscopy.  kobs = 1.09 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 4.745 7.762 100.00 
120 4.728 7.791 100.37 
240 4.714 7.745 99.78 
360 4.669 7.762 100.00 
480 4.657 7.610 98.04 
600 4.672 7.555 97.34 
720 4.726 7.648 98.53 
840 4.689 7.541 97.15 
960 4.715 7.605 97.98 
1080 4.697 7.477 96.33 
1200 4.715 7.487 96.46 
1320 4.727 7.345 94.63 
1440 4.730 7.441 95.87 
1560 4.719 7.287 93.88 
1680 4.756 7.388 95.18 
1800 4.868 7.451 96.00 
1920 4.810 7.327 94.40 
2040 4.810 7.233 93.19 
2160 4.847 7.265 93.60 
2280 4.818 7.132 91.88 
2400 4.774 7.097 91.43 
2520 4.784 7.020 90.44 
2640 4.844 7.073 91.13 
2760 4.811 6.966 89.74 
2880 4.758 6.890 88.77 
3000 4.856 6.896 88.84 
3120 4.811 6.827 87.95 
3240 4.842 6.767 87.18 
3360 4.832 6.732 86.73 
3480 4.872 6.645 85.61 
3600 4.821 6.638 85.52 
3720 4.840 6.558 84.49 
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3840 4.870 6.512 83.90 
3960 4.868 6.453 83.14 
4080 4.848 6.463 83.27 
4200 4.946 6.487 83.57 
4320 4.871 6.391 82.33 
4440 4.904 6.357 81.90 
4560 4.950 6.307 81.26 
4680 4.907 6.224 80.19 
4800 4.922 6.195 79.81 
4920 4.930 6.078 78.31 
5040 4.979 6.109 78.70 
5160 4.926 6.075 78.27 
5280 4.948 6.012 77.46 
5400 4.933 5.934 76.45 
5520 4.906 5.823 75.02 
5640 4.949 5.782 74.49 
5760 4.992 5.804 74.78 
5880 4.903 5.695 73.37 
6000 4.896 5.601 72.16 
6120 4.907 5.546 71.45 
6240 4.869 5.541 71.38 
6360 4.871 5.478 70.58 
6480 4.894 5.425 69.89 
6600 4.940 5.367 69.15 
6720 4.971 5.387 69.40 
6840 4.980 5.343 68.83 
6960 4.926 5.215 67.19 
7080 4.929 5.154 66.40 
7200 4.913 5.177 66.70 
7320 4.923 5.092 65.60 
 
avg kobs = 1.15 x 10-2 s-1 ± 8.5 x 10-4 
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Order in 40v with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  400 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (44 µL, 70 mg, 0.20 mmol) were dissolved in toluene (0.8 mL), 
followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless solution. 
The tube was placed into a preheated 95 °C NMR probe and the reaction progress was monitored 
by 19F NMR spectroscopy.  kobs = 9.19 x 10-3 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized  
(mM) 
0 2.424 8.506 400.02 
120 2.445 8.559 402.47 
240 2.466 8.484 398.96 
360 2.464 8.500 399.70 
480 2.491 8.492 399.35 
600 2.486 8.511 400.23 
720 2.502 8.450 397.37 
840 2.483 8.501 399.77 
960 2.511 8.420 395.95 
1080 2.498 8.436 396.73 
1200 2.506 8.405 395.24 
1320 2.576 8.460 397.82 
1440 2.556 8.403 395.15 
1560 2.543 8.446 397.20 
1680 2.535 8.440 396.87 
1800 2.554 8.478 398.70 
1920 2.555 8.350 392.68 
2040 2.574 8.355 392.88 
2160 2.558 8.369 393.55 
2280 2.574 8.322 391.33 
2400 2.575 8.346 392.50 
2520 2.546 8.297 390.17 
2640 2.578 8.315 391.00 
2760 2.576 8.194 385.34 
2880 2.584 8.234 387.21 
3000 2.603 8.207 385.93 
3120 2.583 8.124 382.03 
3240 2.618 8.129 382.28 
3360 2.631 8.131 382.35 
3480 2.566 8.137 382.65 
3600 2.610 8.107 381.25 
3720 2.622 8.057 378.90 
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3840 2.619 8.069 379.44 
3960 2.602 7.992 375.82 
4080 2.626 7.896 371.33 
4200 2.574 7.860 369.61 
4320 2.634 7.918 372.34 
4440 2.643 7.893 371.18 
4560 2.639 7.836 368.51 
4680 2.923 7.762 365.02 
4800 2.606 7.778 365.77 
4920 2.624 7.761 364.95 
5040 2.620 7.730 363.51 
5160 2.605 7.688 361.51 
5280 2.618 7.728 363.40 
5400 2.639 7.668 360.61 
5520 2.628 7.580 356.46 
5640 2.634 7.646 359.57 
5760 2.631 7.576 356.26 
5880 2.638 7.529 354.05 
6000 2.657 7.522 353.75 
6120 2.620 7.422 349.04 
6240 2.623 7.419 348.87 
6360 2.625 7.444 350.05 
6480 2.634 7.420 348.93 
6600 2.646 7.379 346.99 
6720 2.637 7.351 345.68 
6840 2.636 7.325 344.47 
6960 2.646 7.347 345.52 
7080 2.645 7.319 344.17 
7200 2.650 7.242 340.58 
7320 2.638 7.204 338.79 
7440 2.680 7.198 338.47 
7560 2.626 7.152 336.34 
7680 2.611 7.144 335.93 
7800 2.663 7.156 336.51 
7920 2.671 7.178 337.56 
8040 2.631 7.092 333.50 
8160 2.645 7.062 332.09 
8280 2.633 7.071 332.51 
8400 2.631 7.078 332.85 
8520 2.634 7.009 329.60 
8640 2.647 6.973 327.90 
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Order in 40v with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  400 mM 
Pd cat.  5 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (2.6 mg, 0.0050 mmol), 
benzotrifluoride (5 µL) and 40v (44 µL, 70 mg, 0.20 mmol) were dissolved in toluene (0.8 mL), 
followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless solution. 
The tube was placed into a preheated 95 °C NMR probe and the reaction progress was monitored 
by 19F NMR spectroscopy.  kobs = 1.10 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 5.088 16.116 400.01 
120 5.087 15.823 392.72 
240 5.061 15.839 393.12 
360 5.124 15.868 393.85 
480 5.136 15.762 391.22 
600 5.129 16.033 397.93 
720 5.114 15.862 393.69 
840 5.119 15.671 388.97 
960 5.122 15.492 384.52 
1080 5.063 15.600 387.18 
1200 5.072 15.535 385.59 
1320 5.067 15.494 384.55 
1440 5.102 15.384 381.82 
1560 5.103 15.489 384.43 
1680 5.092 15.630 387.93 
1800 5.102 15.229 377.98 
1920 5.108 15.395 382.12 
2040 5.125 15.268 378.96 
2160 5.129 15.058 373.73 
2280 5.105 15.255 378.63 
2400 5.125 15.073 374.11 
2520 5.076 15.043 373.36 
2640 5.117 14.913 370.15 
2760 5.091 14.861 368.85 
2880 5.144 14.846 368.48 
3000 5.085 14.637 363.29 
3120 5.105 14.670 364.12 
3240 5.142 14.592 362.16 
3360 5.106 14.611 362.66 
3480 5.142 14.441 358.43 
3600 5.098 14.412 357.71 
3720 5.131 14.434 358.25 
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3840 5.113 14.359 356.39 
3960 5.091 14.243 353.52 
4080 5.087 14.059 348.94 
4200 5.177 14.129 350.69 
4320 5.171 14.225 353.07 
4440 5.219 14.085 349.60 
4560 5.177 14.099 349.93 
4680 5.250 14.010 347.74 
4800 5.132 13.857 343.93 
4920 5.230 13.947 346.16 
5040 5.190 13.766 341.67 
5160 5.196 13.709 340.26 
5280 5.208 13.726 340.69 
5400 5.207 13.719 340.50 
5520 5.235 13.729 340.76 
5640 5.190 13.528 335.77 
5760 5.186 13.597 337.47 
5880 5.187 13.411 332.86 
6000 5.161 13.400 332.59 
6120 5.198 13.326 330.76 
6240 5.255 13.530 335.81 
6360 5.116 13.226 328.27 
6480 5.179 13.245 328.75 
6600 5.190 13.283 329.67 
 
avg kobs = 1.01 x 10-2 mMs-1 ± 1.3 x 10-3 
Order in 40v with (t-Bu3P)2Pd (pp. 136, 152, 156): 
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Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  10 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (5.1 mg, 0.010 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 2.13 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 2.881 2.434 99.959 
120 2.925 2.366 95.725 
240 2.930 2.375 95.921 
360 2.925 2.282 92.340 
480 2.941 2.282 91.820 
600 2.927 2.241 90.621 
720 2.946 2.205 88.589 
840 2.927 2.157 87.199 
960 2.948 2.066 82.945 
1080 2.976 2.017 80.188 
1200 2.970 1.956 77.924 
1320 2.999 1.911 75.425 
1440 3.014 1.832 71.905 
1560 2.974 1.787 71.121 
1680 3.016 1.707 66.966 
1800 3.028 1.665 65.063 
1920 3.015 1.582 62.103 
2040 3.045 1.501 58.331 
2160 3.062 1.434 55.410 
2280 3.033 1.350 52.661 
2400 3.040 1.321 51.444 
2520 3.055 1.228 47.562 
2640 3.056 1.149 44.488 
2760 3.069 1.092 42.122 
2880 3.054 1.021 39.575 
3000 3.042 0.940 36.580 
3120 3.045 0.869 33.776 
3240 3.034 0.805 31.398 
3360 3.053 0.747 28.939 
3480 3.055 0.684 26.504 
3600 3.069 0.596 22.992 
3720 3.029 0.542 21.182 
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3840 3.079 0.492 18.913 
3960 3.080 0.425 16.335 
4080 3.074 0.388 14.931 
4200 3.093 0.331 12.666 
4320 3.036 0.264 10.283 
4440 3.103 0.211 8.037 
4560 3.085 0.174 6.677 
4680 3.092 0.113 4.324 
4800 3.084 0.061 2.327 
 
 
Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  10 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (5.1 mg, 0.010 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 2.28 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 3.160 2.534 100.01 
120 3.175 2.491 98.31 
240 3.149 2.439 96.26 
360 3.161 2.382 94.01 
480 3.139 2.366 93.37 
600 3.150 2.312 91.22 
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720 3.158 2.260 89.19 
840 3.145 2.157 85.13 
960 3.171 2.103 83.00 
1080 3.176 2.067 81.56 
1200 3.154 1.985 78.32 
1320 3.143 1.891 74.62 
1440 3.155 1.813 71.55 
1560 3.157 1.733 68.39 
1680 3.132 1.680 66.28 
1800 3.196 1.580 62.37 
1920 3.165 1.514 59.76 
2040 3.195 1.428 56.34 
2160 3.169 1.348 53.21 
2280 3.182 1.307 51.57 
2400 3.176 1.239 48.88 
2520 3.154 1.148 45.32 
2640 3.172 1.071 42.28 
2760 3.166 1.001 39.52 
2880 3.124 0.922 36.39 
3000 3.207 0.840 33.16 
3120 3.150 0.770 30.37 
3240 3.196 0.717 28.29 
3360 3.195 0.650 25.65 
3480 3.171 0.575 22.68 
3600 3.191 0.515 20.32 
3720 3.194 0.454 17.90 
3840 3.178 0.385 15.18 
3960 3.190 0.352 13.88 
4080 3.192 0.290 11.44 
4200 3.164 0.232 9.15 
4320 3.138 0.179 7.06 
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Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  10 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (5.1 mg, 0.010 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 2.08 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 3.160 2.534 99.99 
120 3.175 2.491 96.21 
240 3.149 2.439 94.49 
360 3.161 2.382 96.07 
480 3.139 2.366 92.59 
600 3.150 2.312 90.44 
720 3.158 2.260 87.80 
840 3.145 2.157 87.83 
960 3.171 2.103 85.77 
1080 3.176 2.067 81.60 
1200 3.154 1.985 78.69 
1320 3.143 1.891 75.84 
1440 3.155 1.813 73.53 
1560 3.157 1.733 70.86 
1680 3.132 1.680 68.19 
1800 3.196 1.580 64.16 
1920 3.165 1.514 60.65 
2040 3.195 1.428 57.37 
2160 3.169 1.348 55.50 
2280 3.182 1.307 52.85 
2400 3.176 1.239 50.09 
2520 3.154 1.148 44.38 
2640 3.172 1.071 43.98 
2760 3.166 1.001 41.12 
2880 3.124 0.922 40.69 
3000 3.207 0.840 37.52 
3120 3.150 0.770 35.41 
3240 3.196 0.717 32.49 
3360 3.195 0.650 30.31 
3480 3.171 0.575 29.83 
3600 3.191 0.515 26.60 
3720 3.194 0.454 25.01 
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3840 3.178 0.385 22.41 
3960 3.190 0.352 21.17 
4080 3.192 0.290 18.22 
4200 3.164 0.232 17.55 
4320 3.138 0.179 15.89 
 
avg kobs = 2.16 x 10-2 mMs-1 ± 1.0 x 10-3 
Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  15 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (7.6 mg, 0.015 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 3.18 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 2.415 3.030 99.99 
120 2.364 3.000 99.00 
240 2.377 2.919 96.33 
360 2.392 2.837 93.63 
480 2.364 2.757 90.98 
600 2.399 2.648 87.40 
720 2.359 2.524 83.30 
840 2.324 2.441 80.56 
960 2.391 2.269 74.88 
1080 2.323 2.171 71.65 
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1200 2.359 2.045 67.50 
1320 2.384 1.883 62.14 
1440 2.398 1.757 57.98 
1560 2.372 1.625 53.63 
1680 2.359 1.472 48.57 
1800 2.381 1.392 45.96 
1920 2.344 1.267 41.82 
2040 2.347 1.122 37.04 
2160 2.372 1.015 33.50 
2280 2.346 0.891 29.39 
2400 2.374 0.755 24.92 
2520 2.305 0.676 22.31 
2640 2.313 0.592 19.53 
2760 2.314 0.482 15.90 
2880 2.301 0.423 13.95 
3000 2.304 0.343 11.31 
3120 2.340 0.300 9.90 
3240 2.347 0.257 8.47 
3360 2.329 0.226 7.44 
 
 
Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  15 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (7.6 mg, 0.015 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 2.98 x 10-2 mMs-1. 
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Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 5.023 4.397 99.64 
120 5.012 4.319 97.88 
240 5.042 4.242 96.12 
360 5.109 4.166 94.40 
480 5.117 4.050 91.77 
600 5.148 3.896 88.29 
720 5.049 3.698 83.80 
840 5.028 3.578 81.08 
960 5.023 3.498 79.26 
1080 5.006 3.286 74.47 
1200 5.050 3.098 70.19 
1320 5.041 2.920 66.17 
1440 5.522 2.618 63.92 
1560 5.045 2.587 58.63 
1680 5.038 2.462 55.78 
1800 5.081 2.259 51.19 
1920 5.073 2.073 46.99 
2040 5.080 1.906 43.20 
2160 5.096 1.769 40.08 
2280 5.090 1.566 35.47 
2400 5.069 1.392 31.55 
2520 5.053 1.244 28.19 
2640 5.091 1.123 25.44 
2760 5.097 0.931 21.09 
2880 5.113 0.839 19.01 
3000 5.101 0.703 15.93 
3120 5.090 0.523 11.85 
3240 5.060 0.471 10.67 
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Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  15 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (7.6 mg, 0.015 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 3.23 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 5.038 4.680 100.00 
120 5.020 4.674 99.86 
240 5.021 4.545 97.12 
360 5.027 4.451 95.10 
480 5.022 4.304 91.96 
600 4.993 4.163 88.96 
720 5.005 3.987 85.20 
840 5.019 3.863 82.55 
960 5.000 3.688 78.81 
1080 5.085 3.461 73.95 
1200 5.061 3.262 69.69 
1320 5.040 3.061 65.40 
1440 4.993 2.874 61.41 
1560 4.999 2.614 55.85 
1680 5.612 2.245 47.96 
1800 4.983 2.254 48.17 
1920 4.993 2.046 43.73 
2040 5.017 1.823 38.96 
2160 5.031 1.638 34.99 
2280 5.062 1.458 31.15 
2400 5.024 1.278 27.31 
2520 5.016 1.116 23.86 
2640 5.027 0.946 20.21 
2760 5.009 0.801 17.11 
2880 5.010 0.620 13.24 
3000 5.055 0.472 10.09 
3120 5.059 0.336 7.18 
3240 5.020 0.274 5.85 
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avg kobs = 3.13 x 10-2 mMs-1 ± 1.3 x 10-3 
 
Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  20 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (10.2 mg, 0.020 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 4.11 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 2.813 2.571 100.00 
120 2.757 2.570 99.98 
240 2.806 2.474 96.23 
360 2.818 2.403 93.45 
480 2.800 2.277 88.55 
600 2.790 2.176 84.62 
720 2.788 2.044 79.51 
840 2.780 1.929 75.04 
960 2.799 1.770 68.86 
1080 2.809 1.599 62.19 
1200 2.777 1.460 56.81 
1320 2.814 1.299 50.53 
1440 2.771 1.171 45.54 
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1560 2.789 1.011 39.33 
1680 2.811 0.845 32.87 
1800 2.797 0.724 28.17 
1920 2.759 0.577 22.43 
2040 2.777 0.445 17.31 
2160 2.765 0.319 12.40 
2280 2.797 0.196 7.63 
2400 2.821 0.109 4.25 
2520 2.766 0.008 0.30 
 
 
Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  100 mM 
Pd cat.  20 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (10.2 mg, 0.020 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 3.84 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 2.661 3.132 100.00 
120 2.633 3.076 98.21 
240 2.610 2.988 95.40 
360 2.569 2.837 90.59 
480 2.591 2.741 87.52 
600 2.537 2.594 82.82 
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720 2.509 2.509 80.12 
840 2.508 2.317 73.97 
960 2.492 2.189 69.90 
1080 2.548 2.028 64.74 
1200 2.462 1.878 59.96 
1320 2.491 1.695 54.13 
1440 2.517 1.544 49.31 
1560 2.451 1.405 44.87 
1680 2.446 1.246 39.77 
1800 2.413 1.087 34.70 
1920 2.435 0.981 31.34 
2040 2.446 0.842 26.90 
2160 2.390 0.742 23.70 
2280 2.406 0.569 18.18 
2400 2.397 0.223 7.12 
 
 
Order in Pd with (t-Bu3P)2Pd 
K+39–  300 mM 
40v  100 mM 
Pd cat.  20 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (10.2 mg, 0.020 mmol), 
benzotrifluoride (5 µL) and 40v (11 µL, 17.5 mg, 0.10 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (66 mg, 0.30 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 4.01 x 10-2 mMs-1. 
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Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 1.620 2.875 100.01 
120 1.667 2.802 97.45 
240 1.597 2.743 95.41 
360 1.626 2.663 92.61 
480 1.582 2.547 88.57 
600 1.668 2.420 84.18 
720 1.597 2.331 81.06 
840 1.596 2.146 74.64 
960 1.532 2.044 71.08 
1080 3.006 1.594 63.35 
1200 1.646 1.760 61.22 
1320 1.608 1.578 54.89 
1440 1.573 1.446 50.28 
1560 1.619 1.295 45.04 
1680 1.665 1.132 39.36 
1800 1.640 0.969 33.71 
1920 1.611 0.816 28.40 
2040 1.611 0.650 22.61 
2160 1.694 0.474 16.50 
2280 1.614 0.363 12.62 
2400 1.618 0.311 10.83 
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Order in Pd with (t-Bu3P)2Pd 
K+39–  150 mM 
40v  500 mM 
Pd cat.  20 mM 
Following General Procedure X, a mixture of (t-Bu3P)2Pd (10.2 mg, 0.020 mmol), 
benzotrifluoride (5 µL) and 40v (55 µL, 87.5 mg, 0.50 mmol) were dissolved in toluene (0.8 
mL), followed by K+39– (33 mg, 0.15 mmol) and toluene (0.2 mL) to afford a clear, colorless 
solution. The tube was placed into a preheated 95 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy.  kobs = 3.86 x 10-2 mMs-1. 
Time 
(s) 
Integral IS 
(-63.2 ppm) 
Integral 40v 
(-115.9 ppm) 
Normalized 
(mM) 
0 2.001 13.037 500.01 
120 2.005 13.013 499.06 
240 2.024 12.942 496.35 
360 2.012 12.834 492.21 
480 1.985 12.628 484.31 
600 1.976 12.571 482.12 
720 2.019 12.502 479.47 
840 2.003 12.369 474.38 
960 2.037 12.290 471.34 
1080 2.798 11.648 464.72 
1200 2.024 11.930 457.54 
1320 2.050 11.844 454.25 
1440 1.992 11.675 447.75 
1560 2.010 11.613 445.39 
1680 2.013 11.517 441.69 
1800 2.038 11.313 433.88 
1920 2.021 11.138 427.15 
2040 2.020 11.080 424.96 
2160 2.022 11.006 422.12 
2280 2.000 10.893 417.79 
2400 2.011 10.752 412.36 
2520 2.022 10.494 402.48 
2640 2.019 10.553 404.73 
2760 1.982 10.430 400.02 
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Order in Pd with (t-Bu3P)2Pd (pp. 136, 161, 167, 173): 
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Study of Displacement Step of Arylpalladium(II) Bromide 68 with Cs+39– 
Pd(t-Bu)3P Br
Si
OCs
+
Pd(t-Bu)3P O
Sitoluene, rt
F
F
0.2 equiv
MeO
OMe
 +  68
Br Pd P(t-Bu)3
F
0.30 equiv SiOCs
69
0.5 equiv SiOCs
exclusively
Pd(t-Bu)3P O
F
Si OMe
1 h
31P : 77 ppm
31P : 65.4 ppm
68
70
69
 
 In a drybox, an oven-dried, 3-mL vial equipped with a magnetic stir bar was charged with 
68 (5.2 mg, 0.011 mmol) and toluene (0.6 mL) resulting in an orange solution. Then, Cs+39– (0.8 
mg, 0.002 mmol, 0.2 equiv) was added as a solid and the mixture was stirred until the mixture 
was completely homogeneous.  The resulting solution was transferred into an oven-dried, 5-mm 
NMR tube using a syringe and the tube was sealed with a septum and Parafilm.  The sample was 
analyzed by 31P NMR spectroscopy (see figure below). The 31P NMR spectrum contained a 
resonance at 77.0 ppm in addition to that for 68 (64.5 ppm).  The NMR tube was returned to the 
drybox and an additional 0.3 equiv of Cs+39– (0.9 mg, 0.003 mmol, 0.3 equiv) was added.  The 
mixture was shaken to ensure homogeneity and the sample again analyzed by 31P NMR 
spectroscopy. The signal for 68 completely vanished leaving a single species (77.0 ppm) visible 
in the 31P NMR.  The stoichiometry of this experiment suggested that displacement occurs 
rapidly and the mutual coexistence of the bromide complex 68 and silanolate product resulted in 
a dimerization.  Subsequent addition of 0.5 equiv of Cs+39– (1.5 mg, 0.006 mmol, 0.5 equiv) 
caused disappearance of the signal at 77.0 ppm with concomitant formation of a new signal at 
65.4 ppm.  This new species has been established as the expected palladium(II) silanolate 
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complex 70.   
 Interestingly, the chemical environments of the 31P nuclei in palladium(II) bromide 68 
and palladium(II) silanolate 70 were sufficiently similar to cause the coincidence of the 31P 
resonances. This result was initially confusing because it appeared that no displacement took 
place even after 30 min.  However, the titration study described above eliminated this possibility 
and allowed for the subsequent studies to be undertaken. 
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General Procedure XI: Kinetic Measurements for Thermal Transmetalation at 50 °C 
(Scheme 28). 
Pd(t-Bu)3P O
F
Si
Me Me
OMe
in situ
toluene
50°
MeO
F
80-90%
Pd(t-Bu)3P Br
F
68
Cs+39– (1.0 equiv)
toluene, rt
quantitative
70 41v  
 In a drybox, an oven-dried, 5-mm NMR tube was charged with 68 (9.4 mg, 0.0194 
mmol), 1,4-difluorobenzene (1 µL) and toluene (0.4 mL) resulting in an orange solution upon 
vigorous mixing.  Then, Cs+39– (6.0 mg, 0.0192 mmol, 0.98 equiv) was added as a solid and the 
sides of the tube were rinsed with toluene (0.4 mL).196  The mixture was vigorously mixed using 
a vortex mixer for ca. 2 min to ensure complete dissolution.  The tube was sealed with a septum 
and wrapped with Parafilm to exclude any oxygen or moisture.  The NMR tube was removed 
from the drybox and inserted into a preheated 50 °C NMR probe.  The temperature of the 
reaction solution was allowed to equilibrate for ca. 90 s prior to data collection.  The reaction 
progress was monitored by the disappearance of starting complex 70 (19F NMR,  -121.7 ppm) as 
compared to an internal reference (1,4-difluorobenzene, 19F NMR, -119.8 ppm) via 19F NMR 
spectroscopy using the following parameters: at = 0.328, d1 = 0, pw90 = 8.85, pw=pw90/2, 
nt=128, sampling every 300 s.193 The rate of the reaction was determined by the slope of the 1st 
order decay: kobs = 5.37 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized  
(25 mM) 
0 0.121 0.228 25.00 
300 0.149 0.203 22.25 
600 0.118 0.186 20.41 
900 0.103 0.158 17.29 
1200 0.094 0.129 14.13 
1500 0.089 0.104 11.44 
1800 0.087 0.083 9.13 
2100 0.081 0.063 6.94 
2400 0.080 0.044 4.84 
2700 0.077 0.029 3.13 
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Thermal Transmetalation at 50 °C 
Following General Procedure XI, a mixture of 68 (9.8 mg, 0.0203 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of Cs+39– (6.2 
mg, 0.0199 mmol) and toluene (0.4 mL) to afford an orange solution. The tube was placed into a 
preheated 50 °C NMR probe and the reaction progress was monitored by 19F NMR spectroscopy, 
sampling every 180 s.  kobs = 5.37 x 10-4 s-1. 
 
 
avg kobs = 5.02 x 10-4 s-1 ± 5.0 x 10-5 
3000 0.072 0.011 1.21 
3300 0.072 0.001 0.13 
3600 0.071 -0.011 -1.24 
3900 0.071 -0.023 -2.47 
4200 0.068 -0.029 -3.18 
4500 0.06673 -0.03678 -0.55 
4800 0.06807 -0.04211 -0.62 
5100 0.06777 -0.04479 -0.66 
5400 0.06577 -0.04647 -0.71 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.133 0.196 25.40 
180 0.129 0.168 21.76 
360 0.110 0.139 18.09 
540 0.101 0.113 14.60 
720 0.098 0.088 11.39 
900 0.093 0.063 8.19 
1080 0.090 0.043 5.59 
1260 0.089 0.025 3.22 
1440 0.088 0.013 1.68 
1620 0.086 0.002 0.24 
1800 0.084 -0.005 -0.66 
1980 0.085 -0.010 -1.35 
2160 0.080 -0.016 -2.07 
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Thermal Transmetalation at 50 °C; removal of the inorganic salts 
Following General Procedure XI, the following modifications were performed:  the 
mixture was prepared in an oven-dried, 3-mL vial and the resulting reaction solution was 
transferred to the NMR tube using a 22G needle.  A mixture of 68 (13.7 mg, 0.0283 mmol, 1.0 
equiv) and 1,4-difluorobenzene (capillary) were dissolved in toluene (0.4 mL), followed by 
addition of Cs+39– (8.7 mg, 0.0278 mmol, 0.98 equiv) and toluene (0.4 mL) to afford an orange 
solution. The tube was placed into a preheated 50 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy, sampling every 180 s.  kobs = 4.97 x 10-4 s-1. 
 
 
 
 
 
 
 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 1.252 0.381 35.38 
180 1.251 0.369 34.33 
360 1.192 0.331 32.34 
540 1.202 0.263 25.42 
720 1.381 0.320 26.93 
900 1.299 0.293 26.24 
1080 1.309 0.265 23.55 
1260 1.333 0.246 21.51 
1440 1.352 0.240 20.65 
1620 1.291 0.222 20.04 
1800 1.305 0.195 17.37 
1980 1.363 0.197 16.80 
2160 1.326 0.180 15.82 
2340 1.306 0.165 14.68 
2520 1.172 0.064 6.33 
2700 1.211 0.049 4.73 
2880 1.317 0.144 12.74 
3060 1.313 0.130 11.56 
3240 1.288 0.127 11.49 
3420 1.433 0.125 10.17 
3600 1.313 0.130 11.55 
3780 1.333 0.133 11.59 
3960 1.312 0.103 9.14 
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Thermal Transmetalation at 50 °C; removal of the inorganic salts 
Following General Procedure XI, the following modifications were performed:  the 
mixture was prepared in an oven-dried, 3-mL vial and the resulting reaction solution was 
transferred to the NMR tube using a 22G needle.  A mixture of 68 (12.7 mg, 0.0263 mmol, 1.0 
equiv) and 1,4-difluorobenzene (capillary) were dissolved in toluene (0.4 mL), followed by 
addition of Cs+39– (8.1 mg, 0.0257 mmol, 0.98 equiv) and toluene (0.4 mL) to afford an orange 
solution. The tube was placed into a preheated 50 °C NMR probe and the reaction progress was 
monitored by 19F NMR spectroscopy, sampling every 180 s.  kobs = 5.38 x 10-4 s-1. 
 
 
 
 
 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 1.431 0.393 32.83 
180 1.455 0.395 32.45 
360 1.438 0.362 30.09 
540 1.503 0.362 28.80 
720 1.554 0.356 27.35 
900 1.502 0.319 25.42 
1080 1.452 0.300 24.74 
1260 1.321 0.243 21.98 
1440 1.349 0.224 19.85 
1620 1.434 0.246 20.54 
1800 1.368 0.211 18.47 
1980 1.333 0.171 15.33 
2160 1.402 0.192 16.40 
2340 1.532 0.199 15.52 
2520 1.496 0.190 15.22 
2700 1.519 0.187 14.68 
2880 1.485 0.178 14.35 
3060 1.473 0.180 14.60 
3240 1.467 0.172 14.03 
3420 1.479 0.166 13.43 
3600 1.475 0.171 13.87 
3780 1.499 0.169 13.46 
3960 1.471 0.163 13.25 
4140 1.475 0.159 12.88 
4320 1.491 0.161 12.93 
4500 1.474 0.154 12.52 
4680 1.489 0.157 12.60 
4860 1.469 0.155 12.58 
5040 1.391 0.147 12.60 
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General Procedure XII: Kinetic Measurements for Thermal Transmetalation in the 
Presence of Phosphine (Scheme 28). 
Thermal Transmetalation in the Presence of Excess Phosphine (1.0 equiv) at 50 °C 
Pd(t-Bu)3P O
F
Si
Me Me
OMe
in situ
toluene, 50°
MeO
F
Pd(t-Bu)3P Br
F
68
Cs+39– (1.0 equiv)
toluene, rt
quantitative
70 41v
t-Bu3P (x equiv)
 
 In a drybox, an oven-dried, 5-mm NMR tube was charged with 68 (9.6 mg, 0.0198 
mmol), 1,4-difluorobenzene (1 µL) and toluene (0.4 mL) resulting in an orange solution upon 
vigorous mixing.  Then, Cs+39– (6.0 mg, 0.0194 mmol, 0.98 equiv)196 was added as a solid 
followed by a solution of t-Bu3P (4.0 mg, 0.0198 mmol, 1.0 equiv) in toluene (0.4 mL). The 
mixture was vigorously mixed using a vortex mixer for ca. 2 min to ensure complete dissolution.  
The tube was sealed with a septum and wrapped with Parafilm to exclude any oxygen and 
moisture.  The NMR tube was removed from the drybox and inserted into a preheated 50 °C 
NMR probe.  The temperature of the reaction solution was allowed to equilibrate for ca. 90 s 
prior to data collection.  The reaction progress was monitored by the disappearance of starting 
complex 70 (19F NMR, -121.7 ppm) as compared to an internal reference (1,4-difluorobenzene, 
19F NMR, -119.8 ppm) via 19F NMR spectroscopy using the following parameters: at = 0.328, d1 
= 0, pw90 = 8.85, pw=pw90/2, nt=128, sampling every 180 s.193 The rate of the reaction was 
determined by the slope of the 1st order decay: kobs = 5.12 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.109 0.253 24.80 
180 0.127 0.241 23.63 
360 0.138 0.224 21.96 
540 0.141 0.205 20.05 
720 0.147 0.186 18.19 
900 0.142 0.167 16.38 
1080 0.145 0.148 14.47 
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1260 0.146 0.134 13.10 
1440 0.146 0.115 11.29 
1620 0.139 0.101 9.89 
1800 0.143 0.088 8.64 
1980 0.144 0.076 7.42 
2160 0.139 0.064 6.24 
2340 0.141 0.056 5.49 
2520 0.136 0.048 4.71 
2700 0.138 0.042 4.12 
2880 0.136 0.034 3.30 
3060 0.139 0.031 3.00 
3240 0.140 0.027 2.61 
3420 0.141 0.024 2.36 
3600 0.135 0.022 2.15 
3780 0.143 0.020 1.98 
3960 0.143 0.020 2.00 
4140 0.143 0.018 1.78 
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Thermal Transmetalation in the Presence of Phosphine (1.0 equiv) @ 50 °C 
Following General Procedure XII, a mixture of 68 (9.8 mg, 0.0203 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of Cs+39– (6.2 
mg, 0.0199 mmol, 0.98 equiv) and a solution of t-Bu3P (4.1 mg, 0.0203 mmol, 1.0 equiv) in 
toluene (0.4 mL) to afford a yellow solution. The tube was placed into a preheated 50 °C NMR 
probe and the reaction progress was monitored by 19F NMR spectroscopy.  kobs = 4.28 x 10-4 s-1. 
 
 
 
 
 
 
 
avg kobs = 4.70 x 10-4 s-1 ± 5.9 x 10-5 
 
 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized  
(mM) 
0 0.109 0.234 25.40 
180 0.126 0.217 23.54 
360 0.136 0.195 21.15 
540 0.132 0.173 18.82 
720 0.129 0.151 16.43 
900 0.129 0.130 14.07 
1080 0.129 0.110 11.93 
1260 0.124 0.090 9.74 
1440 0.125 0.070 7.60 
1620 0.122 0.055 5.94 
1800 0.121 0.040 4.38 
1980 0.120 0.027 2.98 
2160 0.118 0.013 1.42 
2340 0.118 0.004 0.38 
2520 0.117 -0.006 -0.65 
2700 0.116 -0.016 -1.69 
2880 0.115 -0.022 -2.41 
3060 0.115 -0.029 -3.17 
3240 0.114 -0.038 -4.10 
3420 0.115 -0.042 -4.52 
3600 0.114 -0.049 -5.31 
3780 0.111 -0.053 -5.75 
3960 0.112 -0.058 -6.31 
4140 0.112 -0.058 -6.30 
4320 0.113 -0.060 -6.49 
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Thermal Transmetalation in the Presence of Phosphine (5.0 equiv) at 50 °C 
Following General Procedure XII, a mixture of 68 (9.8 mg, 0.0203 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of Cs+39– (6.2 
mg, 0.0199 mmol, 0.98 equiv) and a solution of t-Bu3P (20.5 mg, 0.102 mmol, 5.0 equiv) in 
toluene (0.4 mL) to afford a yellow solution. The tube was placed into a preheated 50 °C NMR 
probe.  The reaction progress was monitored by 19F NMR spectroscopy.  kobs = 5.38 x 10-4 s-1. 
  
 
 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.108 0.212 25.40 
180 0.115 0.191 22.88 
360 0.105 0.166 19.89 
540 0.109 0.142 17.01 
720 0.109 0.119 14.26 
900 0.109 0.095 11.38 
1080 0.111 0.078 9.35 
1260 0.106 0.058 6.95 
1440 0.109 0.044 5.27 
1620 0.107 0.027 3.23 
1800 0.101 0.013 1.56 
1980 0.102 0.001 0.12 
2160 0.101 -0.01 -1.20 
2340 0.104 -0.014 -1.68 
2520 0.117 -0.026 -3.12 
2700 0.115 -0.032 -3.83 
2880 0.114 -0.035 -4.19 
3060 0.105 -0.034 -4.07 
           
356 
Thermal Transmetalation in the Presence of Phosphine (5.0 equiv) at 50 °C 
Following General Procedure XII, a mixture of 68 (10.2 mg, 0.0211 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of Cs+39– (6.4 
mg, 0.0206 mmol, 0.98 equiv) and a solution of t-Bu3P (21.3 mg, 0.106 mmol, 5.0 equiv) in 
toluene (0.4 mL) to afford a yellow solution. The tube was placed into a preheated 50 °C NMR 
probe and the reaction progress was monitored by 19F NMR spectroscopy and sampled every 150 
s.  kobs = 4.44 x 10-4 s-1. 
 
 
 
 
 
 
 
avg kobs = 4.91 x 10-4 s-1 ± 6.7 x 10-5 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.023 0.023 25.40 
150 0.022 0.020 22.60 
300 0.023 0.019 20.58 
450 0.022 0.017 18.42 
600 0.022 0.015 16.06 
750 0.020 0.013 14.38 
900 0.020 0.011 12.25 
1050 0.020 0.009 9.92 
1200 0.019 0.008 8.63 
1350 0.015 0.006 6.83 
1500 0.015 0.005 5.33 
1650 0.015 0.004 4.26 
1800 0.015 0.003 2.79 
1950 0.015 0.001 1.36 
2100 0.014 0.000 0.10 
2250 0.014 -0.001 -1.07 
2400 0.014 -0.002 -1.79 
2550 0.013 -0.002 -2.67 
2700 0.012 -0.003 -3.72 
2850 0.019 -0.005 -5.08 
3000 0.018 -0.005 -6.03 
3150 0.012 -0.005 -5.83 
3300 0.012 -0.006 -6.59 
3450 0.012 -0.006 -7.01 
3600 0.012 -0.007 -7.46 
3750 0.015 -0.006 -7.15 
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General Procedure XIII: Kinetic Measurements for Activated Transmetalation in the 
Presence of K+39– at 50 °C (Scheme 28). 
Pd(t-Bu)3P O
F
Si
Me Me
OMe
in situ
toluene, 50°
MeO
F
Pd(t-Bu)3P Br
F
68
K+39– (1.0 equiv)
toluene, rt
quantitative
70 41v
K+29– (1.0 equiv)
 
 In a drybox, an oven-dried, 5-mm NMR tube was charged with 68 (10.0 mg, 0.0207 
mmol), 1,4-difluorobenzene (1 µL) and toluene (0.3 mL) resulting in an orange solution upon 
vigorous mixing.  Then, K+39– (4.5 mg, 0.0203 mmol, 0.98 equiv) was added as a solid followed 
by toluene (0.3 mL). The mixture was vigorously mixed using a vortex mixer for ca. 2 min to 
ensure complete dissolution.  The tube was sealed with a septum and wrapped with Parafilm to 
exclude any oxygen and moisture.  A separate oven-dried, 3-mL vial was charged with an 
additional amount of K+39– (4.7 mg, 0.0211 mmol, 1.02 equiv) and toluene (0.2 mL) resulting in 
a colorless solution.  The vial was sealed with a septum and wrapped with Parafilm.  The NMR 
tube and vial were removed from the drybox.  Once near the NMR probe, the silanolate solution 
was injected into the NMR tube using a 1-mL syringe in one portion and was vigorously mixed 
by shaking the NMR tube (ca. 30 s). The tube was quickly inserted into a preheated 50 °C NMR 
probe.  The temperature of the reaction solution was allowed to equilibrate for ca. 90 s prior to 
data collection.  The reaction progress was monitored by the disappearance of the starting 
complex 70 (19F NMR, -121.7 ppm) as compared to an internal reference (1,4-difluorobenzene, 
19F NMR, -119.8 ppm) via 19F NMR spectroscopy using the following parameters: at = 0.328, d1 
= 0, pw90 = 8.85, pw=pw90/2, nt=128, sampling every 60 s.193 The rate of the reaction was 
determined by the slope of the 1st order decay: kobs = 4.76 x 10-3 s-1. 
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 Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.109 0.271 25.80 
60 0.088 0.200 19.00 
120 0.084 0.152 14.46 
180 0.085 0.116 11.06 
240 0.089 0.094 8.93 
300 0.091 0.071 6.76 
360 0.091 0.058 5.51 
420 0.097 0.048 4.52 
480 0.102 0.040 3.80 
540 0.105 0.032 3.05 
600 0.105 0.029 2.79 
660 0.112 0.024 2.33 
720 0.112 0.021 2.02 
780 0.110 0.016 1.56 
840 0.116 0.015 1.42 
900 0.106 0.012 1.12 
960 0.106 0.010 0.97 
1020 0.112 0.010 0.95 
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Activated Transmetalation in the Presence of K+39–  (1.0 equiv) at 50 °C 
Following General Procedure XIII, a mixture of 68 (9.5 mg, 0.0196 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by K+39– (4.2 mg, 0.0192 
mmol).  A solution of K+39– (4.4 mg, 0.0200 mmol) in toluene (0.4 mL) was added to afford an 
orange solution.  The tube was placed into a preheated 50 °C NMR probe and the reaction 
progress was monitored by 19F NMR spectroscopy.  kobs = 5.19 x 10-3 s-1. 
 
       
 
avg kobs = 4.98 x 10-3 s-1 ± 3.0 x 10-4 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.104 0.258 24.50 
60 0.076 0.179 17.00 
120 0.078 0.125 11.87 
180 0.076 0.082 7.79 
240 0.078 0.052 4.94 
300 0.084 0.03 2.85 
360 0.084 0.015 1.42 
420 0.091 0.004 0.38 
480 0.095 -0.003 -0.28 
540 0.099 -0.01 -0.95 
600 0.097 -0.016 -1.52 
660 0.101 -0.018 -1.71 
720 0.102 -0.024 -2.28 
780 0.102 -0.025 -2.37 
840 0.101 -0.028 -2.66 
900 0.102 -0.027 -2.56 
960 0.096 -0.027 -2.56 
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General Procedure XIV: Kinetic Measurements for Activated Transmetalation in Presence 
of M+39– at Room Temperature (Scheme 29). 
Activated Transmetalation in the Presence of Cs+39– (1.0 equiv) at Room Temperature  
Pd(t-Bu)3P O
F
Si
Me Me
OMe
in situ
toluene, rt
MeO
F
Pd(t-Bu)3P Br
F
68
Cs+39– (1.0 equiv)
toluene, rt
quantitative
70 41v
Cs+39– (1.0 equiv)
 
 In a drybox, an oven-dried, 5-mm NMR tube was charged with 68 (9.6 mg, 0.0198 
mmol), 1,4-difluorobenzene (1 µL) and toluene (0.3 mL) resulting in an orange solution upon 
vigorous mixing.  Then, Cs+39– (6.1 mg, 0.0194 mmol, 0.98 equiv) was added as a solid 
followed by toluene (0.3 mL). The mixture was vigorously mixed using a vortex mixer for ca. 2 
min to ensure complete dissolution.  The tube was sealed with a septum and wrapped with 
Parafilm to exclude any oxygen or moisture.  A separate oven-dried, 3-mL vial was charged with 
an additional amount of Cs+39– (6.3 mg, 0.0202 mmol, 1.02 equiv) and toluene (0.2 mL) 
resulting in a colorless solution.  The vial was sealed with a septum and wrapped with Parafilm.  
The NMR tube and vial were removed from the drybox.  Once near the NMR probe, the 
silanolate solution was injected into the NMR tube using a 1-mL syringe in one portion and was 
vigorously mixed by shaking the NMR tube (ca. 30 s). The tube was quickly inserted into a 
NMR probe at room temperature (21.8 °C).  The reaction progress was monitored by the 
disappearance of starting complex 70 (19F NMR, -121.7 ppm) as compared to an internal 
reference (1,4-difluorobenzene, 19F NMR, -119.8 ppm) via 19F NMR spectroscopy using the 
following parameters: at = 0.328, d1 = 0, pw90 = 8.85, pw=pw90/2, nt=128, sampling every 180 
s.193 The rate of the reaction was determined by the slope of the 1st order decay: kobs = 1.26 x 10-3 
s-1. 
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Activated Transmetalation in the Presence of Cs+39– (1.0 equiv) at Room Temperature. 
Following General Procedure XIV, a mixture of 68 (9.8 mg, 0.0203 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of Cs+39– (6.2 
mg, 0.0198 mmol, 0.98 equiv).  A solution of Cs+39– (6.5 mg, 0.0207 mmol, 1.02 equiv) in 
toluene (0.4 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 19F NMR spectroscopy 
every 120 s.  kobs = 1.68 x 10-3 s-1. 
 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.24 0.417 24.80 
180 0.24 0.341 20.28 
360 0.237 0.268 15.94 
540 0.242 0.199 11.84 
720 0.24 0.148 8.80 
900 0.237 0.11 6.54 
1080 0.242 0.084 5.00 
1260 0.239 0.065 3.87 
1440 0.244 0.051 3.03 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.124 0.347 24.80 
120 0.133 0.286 20.44 
240 0.129 0.228 16.30 
360 0.13 0.173 12.36 
480 0.128 0.125 8.93 
600 0.129 0.085 6.07 
720 0.131 0.056 4.00 
840 0.13 0.03 2.14 
960 0.129 0.012 0.86 
1080 0.131 0.002 0.14 
1200 0.13 -0.012 -0.86 
1320 0.132 -0.015 -1.07 
           
362 
   
avg kobs = 1.42 x 10-3 s-1 ± 2.3 x 10-4 
 
 
Activated Transmetalation in the Presence of K+39– (1.0 equiv) at Room Temperature. 
Following General Procedure XIV, a mixture of 68 (9.8 mg, 0.0203 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of K+39– (4.4 
mg, 0.0199 mmol, 0.98 equiv).  A solution of K+39– (4.7 mg, 0.0213 mmol, 1.02 equiv) in 
toluene (0.4 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 19F NMR spectroscopy.  
kobs = 2.61 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.178 0.417 25.40 
180 0.186 0.399 24.30 
360 0.189 0.38 23.15 
540 0.193 0.364 22.17 
720 0.192 0.347 21.14 
900 0.197 0.328 19.98 
1080 0.197 0.311 18.94 
1260 0.2 0.291 17.73 
1440 0.204 0.279 16.99 
1620 0.206 0.262 15.96 
1800 0.206 0.244 14.86 
1980 0.209 0.231 14.07 
2160 0.212 0.221 13.46 
2340 0.212 0.204 12.43 
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2520 0.218 0.191 11.63 
2700 0.224 0.177 10.78 
2880 0.221 0.164 9.99 
3060 0.221 0.155 9.44 
3240 0.223 0.145 8.83 
3420 0.224 0.134 8.16 
3600 0.225 0.122 7.43 
3780 0.222 0.115 7.00 
3960 0.227 0.103 6.27 
4140 0.233 0.094 5.73 
4320 0.233 0.086 5.24 
4500 0.23 0.078 4.75 
4680 0.232 0.073 4.45 
4860 0.232 0.068 4.14 
5040 0.231 0.065 3.96 
5220 0.233 0.057 3.47 
5400 0.236 0.055 3.35 
5580 0.237 0.051 3.11 
5760 0.233 0.045 2.74 
5940 0.232 0.044 2.68 
6120 0.229 0.041 2.50 
6300 0.242 0.03 1.83 
6480 0.229 0.026 1.58 
6660 0.242 0.023 1.40 
6840 0.246 0.022 1.34 
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Activated Transmetalation in the Presence of K+39– (1.0 equiv) at Room Temperature. 
Following General Procedure XIV, a mixture of 68 (9.8 mg, 0.0203 mmol) and 1,4-
difluorobenzene (1 µL) were dissolved in toluene (0.4 mL), followed by addition of K+39– (4.3 
mg, 0.0198 mmol, 0.98 equiv).  A solution of K+39– (4.6 mg, 0.0207 mmol, 1.02 equiv) in 
toluene (0.4 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 19F NMR spectroscopy.  
kobs = 3.63 x 10-4 s-1. 
 
 
 
 
 
 
 
 
avg kobs = 3.12 x 10-4 s-1 ± 7.1 x 10-5 
Time 
(s) 
Integral IS 
(-119.8 ppm) 
Integral 70 
(-121.7 ppm) 
Normalized 
(mM) 
0 0.15 0.384 25.40 
300 0.145 0.343 22.69 
600 0.146 0.31 20.51 
900 0.145 0.277 18.32 
1200 0.146 0.246 16.27 
1500 0.146 0.216 14.29 
1800 0.148 0.189 12.50 
2100 0.152 0.164 10.85 
2400 0.156 0.142 9.39 
2700 0.157 0.121 8.00 
3000 0.158 0.1 6.61 
3300 0.164 0.083 5.49 
3600 0.167 0.069 4.56 
3900 0.17 0.055 3.64 
4200 0.174 0.047 3.11 
4500 0.177 0.034 2.25 
4800 0.184 0.026 1.72 
5100 0.188 0.021 1.39 
5400 0.194 0.014 0.93 
5700 0.195 0.009 0.60 
6000 0.199 0.003 0.20 
6300 0.205 0.001 0.07 
6600 0.207 -0.002 -0.13 
6900 0.212 -0.007 -0.46 
7200 0.217 -0.01 -0.66 
7500 0.219 -0.013 -0.86 
7800 0.223 -0.013 -0.86 
8100 0.224 -0.015 -0.99 
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General Procedure XV: Kinetic Measurements for Activated Transmetalation in Presence 
of Cs+39– at Room Temperature: Order Determination for [Cs+39–] (Scheme 29). 
Order in Cs+39– with 70 
70  25 mM 
Cs+39-   25 mM 
Pd(t-Bu)3P O
F
Si
Me Me
OMe
in situ
toluene, rt
MeO
F
Pd(t-Bu)3P Br
F
68
Cs+39– (1.0 equiv)
toluene, rt
quantitative
70 41v
Cs+39– (1.0 equiv)
 
 In a drybox, an oven-dried, 5-mm NMR tube was charged with 68 (9.7 mg, 0.0201 
mmol), and toluene (0.3 mL) resulting in an orange solution upon vigorous mixing.  Then, 
Cs+39– (6.0 mg, 0.0190 mmol, 0.98 equiv) was added as a solid followed by toluene (0.2 mL). 
The mixture was vigorously mixed using a vortex mixer for ca. 2 min to ensure complete 
dissolution.  A capillary of Ph3P(O) in toluene (117 mM) was added and the tube was sealed with 
a septum and wrapped with Parafilm to exclude any oxygen or moisture.  In a separate oven-
dried, 3-mL vial was charged an additional amount of Cs+39– (6.6 mg, 0.0211 mmol, 1.02 equiv) 
and toluene (0.3 mL) resulting in a colorless solution.  The vial was sealed with a septum and 
wrapped with Parafilm.  The NMR tube and vial were removed from the drybox.  Once near the 
NMR probe, the silanolate solution was injected into the NMR tube using a 1-mL syringe in one 
portion and was vigorously mixed by shaking the NMR tube (ca. 15 s). The tube was quickly 
inserted into a NMR probe at room temperature (21.8 °C).  The reaction progress was monitored 
by the disappearance of starting complex 70 (31P NMR, -62.4 ppm) as compared to the reference 
capillary (Ph3P(O), 31P NMR, 21.8 ppm) via 31P NMR spectroscopy using the following 
parameters197: at = 1.441, d1 = 4.0, pw90 = pw = 12.8, nt=30, sampling every 17 s.193 The rate of 
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the reaction was determined by the slope of the 1st order decay: kobs = 1.9 x 10-3 s-1. 
 
 
  
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral 70 
(62.4 ppm) 
Normalized 
(mM) 
0 2.95235 5.50491 25.10 
180 3.07643 4.13401 18.85 
360 3.19108 3.15955 14.41 
540 3.05213 2.05131 9.35 
720 2.99821 1.29048 5.88 
900 3.26528 0.78234 3.57 
1080 3.051 0.30455 1.39 
1260 3.32973 0.21142 0.96 
1440 3.28799 0.00641 0.03 
1620 3.32771 -0.17447 -0.80 
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Order in Cs+39- with 70 
70  25 mM 
Cs+39–  25 mM 
Following General Procedure XV, a mixture of 68 (9.7 mg, 0.0201 mmol) was dissolved 
in toluene (0.3 mL), followed by addition Cs+39– (6.0 mg, 0.0190 mmol, 0.98 equiv) and toluene 
(0.2 mL) to afford an orange solution. A solution of Cs+39– (4.6 mg, 0.0207 mmol, 1.02 equiv) in 
toluene (0.3 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 31P NMR spectroscopy.  
kobs = 2.0 x 10-3 s-1. 
 
avg kobs = 1.95 x 10-3 s-1 ± 7.1 x 10-5 
 
 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral 70 
(62.4 ppm) 
Normalized  
(mM) 
0 2.89263 5.4093 25.10 
180 3.07286 3.9561 18.36 
360 3.00904 2.85432 13.24 
540 3.23458 1.75756 8.16 
720 3.25465 1.08781 5.05 
900 3.30085 0.61781 2.87 
1080 3.30967 0.31303 1.45 
1260 3.36175 0.10598 0.49 
1440 3.2311 0.11661 0.54 
1620 3.38445 -0.1632 -0.76 
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Order in Cs+39– with 70 
70  25 mM 
Cs+39-  12.5 mM 
Following General Procedure XV, a mixture of 68 (9.6 mg, 0.0198 mmol) was dissolved 
in toluene (0.3 mL), followed by addition Cs+39– (5.9 mg, 0.0189 mmol, 0.95 equiv) and toluene 
(0.2 mL) to afford an orange solution. A solution of Cs+39– (3.4 mg, 0.0109 mmol, 0.55 equiv) in 
toluene (0.3 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 31P NMR spectroscopy.  
kobs = 9.9 x 10-4 s-1. 
 
 
 
 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral 70 
(62.4 ppm) 
Normalized 
(mM) 
0 2.409 4.650 24.80 
180 2.466 3.992 21.29 
360 2.506 3.341 17.82 
540 2.572 2.701 14.41 
720 2.585 2.387 12.73 
900 2.699 1.906 10.17 
1080 2.673 1.719 9.17 
1260 2.734 1.450 7.73 
1440 2.847 1.144 6.10 
1620 2.890 0.885 4.72 
1800 2.878 0.623 3.32 
1980 2.743 0.578 3.08 
2160 2.811 0.281 1.50 
2340 2.757 0.208 1.11 
2520 2.824 0.122 0.65 
2700 2.884 0.119 0.64 
2880 2.800 -0.013 -0.07 
3060 2.836 -0.034 -0.18 
3240 2.853 -0.088 -0.47 
3420 2.899 -0.130 -0.69 
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Order in Cs+39- with 70 
70  25 mM 
Cs+39–  12.5 mM 
Following General Procedure XV, a mixture of 68 (9.8 mg, 0.0203 mmol) was dissolved 
in toluene (0.3 mL), followed by addition Cs+39– (6.0mg, 0.0192 mmol, 0.95 equiv) and toluene 
(0.2 mL) to afford an orange solution. A solution of Cs+39– (3.5 mg, 0.0112 mmol, 0.55 equiv) in 
toluene (0.3 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 31P NMR spectroscopy.  
kobs = 8.7 x 10-4 s-1. 
  
 
 
 
avg kobs = 9.31 x 10-4 s-1 ± 8.7 x 10-5 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral 70 
(62.4 ppm) 
Normalized 
(mM) 
0 3.06725 5.03523 25.40 
180 2.90752 4.30533 21.72 
360 3.01044 3.67887 18.56 
540 2.95494 3.06727 15.47 
720 2.9805 2.57784 13.00 
900 3.03994 2.12368 10.71 
1080 3.11647 1.82742 9.22 
1260 3.0896 1.51888 7.66 
1440 3.16933 1.32964 6.71 
1620 3.26883 1.07022 5.40 
1800 3.20157 0.81239 4.10 
1980 3.25951 0.71964 3.63 
2160 3.21656 0.63943 3.23 
2340 3.24304 0.47345 2.39 
2520 3.26158 0.22555 1.14 
2700 3.2699 0.29468 1.49 
2880 3.08359 0.11754 0.59 
3060 3.18842 -0.01665 0.39 
3240 3.08333 0.07665 -0.08 
3420 3.22516 -0.02285 -0.12 
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Order in Cs+39– with 70 
70  25 mM 
Cs+39–  6.6 mM 
Following General Procedure XV, a mixture of 68 (9.6 mg, 0.0198 mmol) was dissolved 
in toluene (0.3 mL), followed by addition Cs+39– (5.9 mg, 0.0189 mmol, 0.95 equiv) and toluene 
(0.2 mL) to afford an orange solution. A solution of Cs+39– (3.4 mg, 0.0109 mmol, 0.30) in 
toluene (0.3 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 31P NMR spectroscopy.  
kobs = 5.28 x 10-4 s-1. 
 
 
 
 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral 70 
(62.4 ppm) 
Normalized 
(mM) 
0 2.841 6.077 26.40 
180 2.868 5.643 24.52 
360 2.939 5.122 22.25 
540 2.956 4.611 20.03 
720 2.981 4.397 19.10 
900 3.079 4.117 17.89 
1080 3.251 3.843 16.69 
1260 3.135 3.450 14.99 
1440 3.214 3.157 13.71 
1620 3.174 2.856 12.41 
1800 3.141 2.696 11.71 
1980 3.110 2.371 10.30 
2160 3.107 2.011 8.74 
2340 3.144 1.715 7.45 
2520 3.059 1.513 6.57 
2700 3.208 1.140 4.95 
2880 3.078 1.031 4.48 
3060 3.097 0.893 3.88 
3240 3.036 0.924 4.01 
3420 3.050 0.684 2.97 
3600 3.221 0.704 3.06 
3780 3.255 0.576 2.50 
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Order in Cs+39– with 70 
70  25 mM 
Cs+39–  6.6 mM 
Following General Procedure XV, a mixture of 68 (9.6 mg, 0.0198 mmol) was dissolved 
in toluene (0.3 mL), followed by addition Cs+39– (5.9 mg, 0.0189 mmol, 0.95 equiv) and toluene 
(0.2 mL) to afford an orange solution. A solution of Cs+39– (3.4 mg, 0.0109 mmol, 0.30 equiv) in 
toluene (0.3 mL) was added to afford an orange solution.  The tube was placed into a NMR 
probe at room temperature and the reaction progress was monitored by 31P NMR spectroscopy.  
kobs = 5.0 x 10-4 s-1. 
 
 
 
 
 
avg kobs = 5.16 x 10-4 s-1 ± 1.8 x 10-5 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral 70 
(62.4 ppm) 
Normalized 
(mm) 
0 2.78717 6.13421 27.40 
180 2.81319 5.57578 24.91 
360 2.92143 5.11249 22.84 
540 3.05343 4.86053 21.71 
720 2.91124 4.62712 20.67 
900 2.89273 4.30184 19.22 
1080 2.99617 3.94143 17.61 
1260 3.13424 3.70149 16.53 
1440 3.10778 3.29032 14.70 
1620 3.04095 3.10564 13.87 
1800 3.11754 2.74419 12.26 
1980 3.1671 2.40976 10.76 
2160 2.96969 2.1593 9.65 
2340 2.83896 1.83828 8.21 
2520 3.13761 1.55021 6.92 
2700 2.98934 1.35395 6.05 
2880 3.02915 1.15125 5.14 
3060 3.09039 0.91903 4.11 
3240 2.95417 0.80743 3.61 
3420 3.24022 0.82413 3.68 
3600 3.24914 0.81552 3.64 
3780 3.22024 0.71395 3.19 
3960 3.29745 0.80479 3.59 
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Order in [Cs+39–] for Activated Transmetalation 
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General Procedure XVI:  Spectroscopic Identification and Crystallization of 
Arylpalladium(II)silanolate Complexes. 
(tert-butylphosphine)(4-fluorophenyl)[1-(4-methoxyphenyl)-1,1’-
dimethylsilanolato]palladium (70)  
Pd(t-Bu)3P O
F
Si
Me Me
OMe
in situ
Pd(t-Bu)3P Br
F
68
K+39– (0.97 equiv)
CD2Cl2, rt
70  
 In a drybox, an oven-dried, 3-mL vial was charged with 68 (12.2 mg, 0.0252 mmol) and 
CD2Cl2 (0.4 mL) resulting in an orange solution upon vigorous mixing using a magnetic stir bar.  
Then, K+39– (5.4 mg, 0.0244 mmol, 0.97 equiv) was added as a solid and the sides of the tube 
were rinsed with CD2Cl2 (0.4 mL). The mixture was vigorously mixed (Vortex) ca. 5 min to 
ensure complete dissolution was observed.  As the mixture stirred, a precipitate formed on the 
sides of the vial.  The supernatant solution was transferred into an oven-dried, 5 mM NMR tube 
using a 25 G needle to ensure none of the precipitate was transferred.  The tube was sealed with a 
septum and wrapped with Parafilm to exclude any oxygen or moisture.  The NMR tube was 
removed from the drybox and placed into a CO2/i-PrOH bath.  The tube was then inserted into a 
cooled -70 °C NMR probe and the product was analyzed by NMR spectroscopy. 
Data for 70:  
1H NMR:      (500 MHz, CD2Cl2) 
  7.51 (d, 2 H,  J = 7.3 Hz), 7.07 (br m, 2 H), 6.83 (d, 2 H, J = 7.6 Hz),  6.65 (t, 2 H, 
J = 8.5 Hz), 3.75 (s, 3 H), 1.24 (d, 9 H, JPH = 12.5 Hz), -0.16 (s, 6 H)     
 13C NMR: (126 MHz, CD2Cl2) 
  160.2 (d, JCF = 235 Hz), 159.0, 136.2, 134.4, 134.2, 126.7, 113.0 (d,  JCF  =  19.8 
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Hz), 112.7, 112.3, 54.7, 39.1 (d, JCP = 13 Hz), 31.0, 1.6 
 19F NMR: (470 MHz, CD2Cl2) 
  -123.5 
31P NMR:  (202 MHz, CD2Cl2) 
  61.4 
 
X-ray quality crystals were obtained following an identical procedure as described above 
with the following modifications.  After the reaction mixture was stirred for ca. 5 min, the 
supernatant solution was transferred to a separate oven-dried, vial using a 25 G needle to ensure 
none of the inorganic salts were transferred.  The volatiles were removed in vacuo (2 mm Hg) to 
afford a brown semi-solid.  The residue was dissolved in a minimal amount of pentanes (1 mL) 
and the vial was sealed with a cap.  The vial was thoroughly wrapped in Parafilm to exclude any 
oxygen or moisture and the vial removed from the drybox.  The vial was then placed into a fitted 
Styrofoam container and inserted into a –80 °C freezer.198  Small yellow needles formed and 
were analyzed by X-ray diffraction. 
           
375 
8.6. Chapter 5 Procedures 
Preparation of Starting Materials 
Potassium Dimethylphenylsilanolate (K+85–) 
Si
OH
H3C CH3
KH, THF Si
O-K+
H3C CH3
K+85-
 
Following General Procedure I, KH (356 mg, 8.87 mmol, 1.3 equiv), 85 (1.039 g, 6.821 
mmol), and THF (20 mL) were combined and stirred at rt.  After 30 min, the mixture was 
filtered, concentrated and crude material was washed with hexanes (2 x 5 mL) and dried in vacuo 
(0.2 mmHg) which afforded 1.150 g (89 %) of K+85– as an off-white solid. 
Data for K+85–: 
 1H NMR:      (500 MHz, d8-THF) 
  7.55 (d, 2 H, J = 7.8 Hz), 7.21 (t, 2 H, J = 7.6 Hz), 7.13-7.16 (m, 1 H), 0.07 (s, 6 
H) 
 
Potassium (4-Butoxyphenyl)dimethylsilanolate (K+86–)  
Si
OH
H3C CH3
KH, THF
Si
O-K+
H3C CH3
K+86-
O
O
H3C H3C  
Following General Procedure I, KH (200 mg, 4.97 mmol, 1.2 equiv), 86 (930 mg, 4.14 
mmol, 1.0 equiv), and THF (6 mL) were combined and stirred at rt.  After 30 min, the mixture 
was filtered, concentrated and crude material was washed with hexanes (2 x 5 mL) and dried in 
vacuo (0.2 mmHg) which afforded 687 mg (84 %) of K+86- as a white powder. 
Data for K+86–: 
 1H NMR:      (500 MHz, d6-benzene) 
  7.56 (d, 2 H, J = 8.0 Hz), 7.18 (d, 2 H, J = 8.0 Hz), 3.85 (t, 2 H, J = 6.5 Hz), 1.649 
(tt, 2 H, J1 = 6.5 Hz, J2 = 7.1 Hz), 1.39 (qt, 2 H, J1 = 7.1 Hz, J2 = 7.5 Hz), 0.85 (t, 
3 H, J = 7.5 Hz), 0.33 (s, 6 H) 
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 13C NMR: (126 MHz, d6-benzene) 
  159.9, 139.9, 134.5, 114.5, 67.4, 31.7, 19.6, 14.0, 4.6 
 
Bromo(4-trifluoromethylphenyl)(tri-tert-butylphosphine)palladium (84) 
(t-Bu3P)2Pd   +
Br
CF3 t-Bu3P
.HBr
Pd(t-Bu3)P Br
CF3
84
MEK, 70 °C
 
 In a drybox, an oven-dried, 50-mL Schlenk flask was charged with (t-Bu3P)2Pd (249 mg, 
0.487 mmol, 1.0 equiv) and t-Bu3P•HBr (4.1 mg, 0.0146 mmol, 0.03 equiv) as solids.  The flask 
was sealed and removed from the drybox.  The flask was then purged with Ar and degassed 2-
butanone (10 mL) was added.  Then, 4-bromobenzotrifluoride (3.0 mL, 21.9 mmol, 45.0 equiv) 
was added as a solid and the flask was immediately submerged into a preheated 70 °C oil bath.  
After 45 min, the flask was removed from heat and the reaction was cooled to room temperature.  
The volatiles were removed in vacuo (0.1 mmHg) to afford a light yellow solid.  The flask was 
gain sealed and returned to a drybox.  Toluene (4 mL) was added to the solids, resulting in 
heterogeneous mixture.  The mixture was added to vigorously stirring pentanes (20 mL) which 
resulted in the precipitation of a light yellow solid.  The solids were collected on an oven-dried 
M porosity fritted funnel and the solids were washed with additional pentanes (2 x 5 mL).  The 
solids were dried in vacuo (0.2 mmHg) for 3 h to afford 166 mg (64%) of 84 as an analytically 
pure yellow powder. 
Data for 84: 
 1H NMR:      (500 MHz, C6D6) 
7.46 (d, 2H, J = 7.1 Hz), 7.06 (d, 2 H, J = 8.1 Hz), 1.03 (d, 27 H, JPH = 12.5 Hz) 
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13C NMR:  (126 MHz, CD2Cl3)199 
139.7, 136.7, 126.4 (q, JCF = 32.2 Hz), 124.9 (q, JCF = 271 Hz), 123.4, 41.2 (d, JCP 
= 10.7 Hz), 32.0 (br) 
 19F NMR:      (470 MHz, C6D6) 
-61.9 
 31P NMR:      (202 MHz, C6D6) 
67.2 
 Analysis: C19H31BrF3PPd (533.74) 
 Calcd: C, 42.76;  H, 5.85   
  Found:    C, 42.69;    H, 5.89  
 
Hammett Study On the Electronic Effects of the Transmetalation Step of Arylsilanolates 
(Table 15) 
Transmetalation of Arylpalladium Silanolate Complex 92 
Pd(t-Bu)3P O
H
Si
Me Me
OMe
in situ
toluene, rt
MeO
H
Pd(t-Bu)3P Br
H
68
Cs+39– (0.98 equiv)
toluene, rt
quantitative
70 41v
Cs+39– (1.02 equiv)
 
Following General Procedure XV, a mixture of 83 (10.5 mg, 0.0225 mmol) was 
dissolved in toluene (0.3 mL), followed by addition Cs+39– (6.7 mg, 0.0214 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of Cs+39– (7.4 mg, 0.0236 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 1.2 x 10-3 s-1. 
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Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.0435 6.8938 2.27 28.06 
180 3.0574 6.0486 1.98 24.51 
360 3.3112 4.9731 1.50 18.61 
540 3.1409 4.0222 1.28 15.87 
720 3.0391 3.3434 1.10 13.63 
900 3.1578 2.5803 0.82 10.12 
1080 3.1921 1.9229 0.60 7.46 
1260 3.1868 1.4586 0.46 5.67 
1440 3.2553 1.0181 0.31 3.87 
1620 3.1771 0.7292 0.23 2.84 
1800 3.0988 0.3057 0.10 1.22 
1980 3.2649 0.1680 0.05 0.64 
2160 3.2424 -0.0571 -0.02 -0.22 
2340 3.1906 -0.0624 -0.02 -0.24 
2520 3.2044 -0.0997 -0.03 -0.39 
2700 3.3892 -0.1898 -0.06 -0.69 
2880 3.0945 -0.0304 -0.01 -0.12 
3060 3.2372 -0.0192 -0.01 -0.07 
3240 3.2976 -0.0721 -0.02 -0.27 
 
 
Transmetalation of Arylpalladium Silanolate Complex 92 
Following General Procedure XV, a mixture of 83 (10.3 mg, 0.0221 mmol) was 
dissolved in toluene (0.3 mL), followed by addition Cs+39– (6.6 mg, 0.0216 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of Cs+39– (7.3 mg, 0.0232 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
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spectroscopy.  kobs = 1.2 x 10-3 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.7453 5.0369 1.83 27.66 
180 2.7297 4.3854 1.61 23.10 
360 2.6589 3.9569 1.49 19.21 
540 2.6905 3.2923 1.22 14.76 
720 2.7594 2.7118 0.98 12.17 
900 2.7590 2.3122 0.84 9.17 
1080 2.8303 1.8333 0.65 7.39 
1260 2.7110 1.3483 0.50 5.11 
1440 2.9166 1.0427 0.36 3.39 
1620 2.9403 0.6810 0.23 2.21 
1800 2.8803 0.4914 0.17 1.48 
1980 2.7846 0.2720 0.10 0.20 
2160 2.7777 0.0985 0.04 -0.17 
2340 2.7697 -0.0688 -0.02 -0.38 
2520 2.8631 -0.0780 -0.03 0.04 
2700 2.9284 -0.0483 -0.02 0.06 
2880 2.8992 -0.1564 -0.05 -0.09 
3060 2.9880 -0.1307 -0.04 -0.52 
 
avg kobs = 1.20 x 10-3 ±  0.0 x 10-5 
Transmetalation of Arylpalladium Silanolate Complex 95  
Following General Procedure XV, a mixture of 82 (10.3 mg, 0.0208 mmol) was 
dissolved in toluene (0.3 mL), followed by addition Cs+39_ (6.2 mg, 0.0197 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of Cs+39– (6.9 mg, 0.0218 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
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spectroscopy.  kobs = 8.2 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.39547 4.89293 2.04 26.03 
180 2.40793 4.69301 1.95 24.84 
360 2.43021 3.97106 1.63 20.83 
540 2.35512 3.61723 1.54 19.58 
720 2.36796 3.23667 1.37 17.42 
900 2.46365 2.71201 1.10 14.03 
1080 2.50745 2.37717 0.95 12.08 
1260 2.52542 1.89976 0.75 9.59 
1440 2.44384 1.75854 0.72 9.17 
1620 2.52713 1.29064 0.51 6.51 
1800 2.485 1.163 0.47 5.96 
1980 2.634 0.687 0.26 3.32 
2160 2.690 0.593 0.22 2.81 
2340 2.685 0.334 0.12 1.58 
2520 2.655 0.369 0.14 1.77 
2700 2.553 0.088 0.03 0.44 
2880 2.784 0.106 0.04 0.48 
3060 2.738 -0.054 -0.02 -0.25 
3240 2.654 -0.099 -0.04 -0.47 
3420 2.639 -0.027 -0.01 -0.13 
 
 
Transmetalation of Arylpalladium Silanolate Complex 95  
Following General Procedure XV, a mixture of 82 (10.1 mg, 0.0204 mmol) was 
dissolved in toluene (0.3 mL), followed by addition Cs+39– (6.1 mg, 0.0197 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of Cs+39– (6.5 mg, 0.0208 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
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into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 9.0 x 10-4 s-1. 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.7453 5.0369 1.83 25.57 
180 2.7297 4.3854 1.61 22.39 
360 2.6589 3.9569 1.49 20.74 
540 2.6905 3.2923 1.22 17.05 
720 2.7594 2.7118 0.98 13.69 
900 2.7590 2.3122 0.84 11.68 
1080 2.8303 1.8333 0.65 9.03 
1260 2.7110 1.3483 0.50 6.93 
1440 2.9166 1.0427 0.36 4.98 
1620 2.9403 0.6810 0.23 3.23 
1800 2.8803 0.4914 0.17 2.38 
1980 2.7846 0.2720 0.10 1.36 
2160 2.7777 0.0985 0.04 0.49 
2340 2.7697 -0.0688 -0.02 -0.35 
2520 2.8631 -0.0780 -0.03 -0.38 
2700 2.9284 -0.0483 -0.02 -0.23 
2880 2.8992 -0.1564 -0.05 -0.75 
3060 2.9880 -0.1307 -0.04 -0.61 
3240 2.8448 -0.0934 -0.03 -0.46 
3420 2.9333 -0.1376 -0.05 -0.65 
3600 2.9363 -0.1195 -0.04 -0.57 
 
avg kobs = 8.60 x 10-4 ±  5.6 x 10-5 
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Transmetalation of Arylpalladium Silanolate Complex 95  
Following General Procedure XV, a mixture of 82 (10.3 mg, 0.0208 mmol) was 
dissolved in toluene (0.3 mL), followed by addition K+39– (4.2 mg, 0.0190 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of Cs+39– (4.6 mg, 0.0210 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 2.04 x 10-4 s-1. 
 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.4153 6.7266 1.97 24.99 
180 3.4192 6.4776 1.89 24.04 
360 3.3509 6.1632 1.84 23.34 
540 3.1290 5.7980 1.85 23.51 
720 3.3773 5.8681 1.74 22.05 
900 3.4036 5.4331 1.60 20.26 
1080 3.4420 5.4031 1.57 19.92 
1260 3.3690 5.3528 1.59 20.16 
1440 3.3905 5.0930 1.50 19.06 
1620 3.3137 4.7668 1.44 18.26 
1800 3.2886 4.6916 1.43 18.10 
1980 3.4803 4.4633 1.28 16.27 
2160 3.2658 4.2441 1.30 16.49 
2340 3.5128 4.2129 1.20 15.22 
2520 3.4496 3.7303 1.08 13.72 
2700 3.1664 3.6349 1.15 14.57 
2880 3.2271 3.6665 1.14 14.42 
3060 2.9986 3.2722 1.09 13.85 
3240 3.3227 3.2889 0.99 12.56 
3420 3.3691 3.1852 0.95 12.00 
3600 3.3915 3.0948 0.91 11.58 
3780 3.2125 2.6856 0.84 10.61 
3960 3.3773 2.6765 0.79 10.06 
4140 3.1533 2.5750 0.82 10.36 
4320 3.4150 2.5337 0.74 9.42 
4500 3.3720 2.3412 0.69 8.81 
4680 3.2292 2.1636 0.67 8.50 
4860 3.1122 2.0028 0.64 8.17 
5040 2.9435 1.9338 0.66 8.34 
5220 3.4351 2.0244 0.59 7.48 
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5400 3.0985 1.7394 0.56 7.12 
5580 3.3473 1.6477 0.49 6.25 
5760 3.3724 1.7441 0.52 6.56 
5940 3.4440 1.5179 0.44 5.59 
6120 3.2081 1.3876 0.43 5.49 
6300 3.3049 1.4590 0.44 5.60 
6480 3.2971 1.4596 0.44 5.62 
6660 3.0540 1.2241 0.40 5.09 
6840 3.2901 1.3589 0.41 5.24 
7020 3.2724 1.1469 0.35 4.45 
7200 3.2666 1.3151 0.40 5.11 
7380 3.3134 1.2324 0.37 4.72 
7560 3.4177 1.0664 0.31 3.96 
7740 3.3155 1.0570 0.32 4.05 
7920 3.1379 1.0052 0.32 4.07 
8100 3.5294 1.0325 0.29 3.71 
8280 3.2963 0.9170 0.28 3.53 
8460 3.5141 0.9450 0.27 3.41 
8640 3.4114 0.9096 0.27 3.38 
8820 3.4092 0.8256 0.24 3.07 
9000 3.1870 0.6666 0.21 2.65 
9180 3.3390 0.8874 0.27 3.37 
9360 3.2030 0.7962 0.25 3.15 
9540 3.3577 0.6593 0.20 2.49 
9720 3.1852 0.8255 0.26 3.29 
9900 3.1012 0.6722 0.22 2.75 
10080 3.4340 0.6941 0.20 2.56 
10260 3.2825 0.5222 0.16 2.02 
10440 3.2390 0.6456 0.20 2.53 
10620 3.2467 0.6399 0.20 2.50 
10800 3.3814 0.6048 0.18 2.27 
10980 3.3535 0.5500 0.16 2.08 
11160 3.2053 0.4967 0.15 1.97 
11340 3.4296 0.5078 0.15 1.88 
11520 3.4463 0.6406 0.19 2.36 
11700 3.1103 0.5042 0.16 2.06 
11880 3.2570 0.3832 0.12 1.49 
12060 3.4930 0.5117 0.15 1.86 
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Transmetalation of Arylpalladium Silanolate Complex 95  
Following General Procedure XV, a mixture of 82 (10.2 mg, 0.0206 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+39– (4.3 mg, 0.0195 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+39– (4.7 mg, 0.0216 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.84 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.1607 6.6240 2.10 25.70 
180 3.3094 6.2201 1.88 23.05 
360 3.2754 6.0966 1.86 22.82 
540 3.2392 5.8687 1.81 22.22 
720 3.1381 5.6385 1.80 22.03 
900 3.1935 5.4749 1.71 21.02 
1080 3.3173 5.4371 1.64 20.10 
1260 2.9599 4.9717 1.68 20.60 
1440 3.0588 4.8878 1.60 19.59 
1620 3.0537 4.7535 1.56 19.09 
1800 3.3739 4.4278 1.31 16.09 
1980 3.3726 4.5998 1.36 16.72 
2160 3.2440 4.4791 1.38 16.93 
2340 3.2939 4.1552 1.26 15.47 
2520 3.2572 3.8954 1.20 14.66 
2700 3.3576 3.8559 1.15 14.08 
2880 3.1378 3.6326 1.16 14.20 
3060 3.1429 3.6179 1.15 14.12 
3240 3.2520 3.2849 1.01 12.39 
3420 3.1647 3.2612 1.03 12.64 
3600 3.2947 3.1379 0.95 11.68 
3780 3.2237 3.0481 0.95 11.59 
3960 3.2570 2.7316 0.84 10.28 
4140 3.3263 2.7122 0.82 10.00 
4320 3.3016 2.5990 0.79 9.65 
4500 3.1532 2.4745 0.78 9.62 
4680 3.3810 2.6600 0.79 9.65 
4860 3.2927 2.3559 0.72 8.77 
5040 3.1597 2.2016 0.70 8.54 
5220 3.2878 2.2213 0.68 8.28 
5400 3.3274 2.1989 0.66 8.10 
5580 3.1303 1.8168 0.58 7.12 
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5760 3.1826 1.8639 0.59 7.18 
5940 3.2847 1.7758 0.54 6.63 
6120 3.4094 1.8484 0.54 6.65 
6300 3.2534 1.7875 0.55 6.74 
6480 3.3787 1.8527 0.55 6.72 
6660 3.1885 1.4593 0.46 5.61 
6840 3.1399 1.4578 0.46 5.69 
7020 3.2761 1.5148 0.46 5.67 
7200 3.3736 1.4087 0.42 5.12 
7380 3.0953 1.3193 0.43 5.23 
7560 3.2586 1.3935 0.43 5.24 
7740 3.2843 1.3410 0.41 5.01 
7920 3.3842 1.3350 0.39 4.84 
8100 3.3087 1.2344 0.37 4.57 
8280 3.4609 1.3873 0.40 4.92 
8460 3.2950 1.0998 0.33 4.09 
8640 3.4750 1.3484 0.39 4.76 
8820 3.2320 0.9467 0.29 3.59 
9000 3.4247 1.1866 0.35 4.25 
9180 3.3701 0.9958 0.30 3.62 
9360 3.2789 1.0079 0.31 3.77 
9540 3.2753 1.0625 0.32 3.98 
9720 3.1979 0.9806 0.31 3.76 
9900 3.2582 0.8589 0.26 3.23 
10080 3.3672 0.8142 0.24 2.97 
10260 3.2002 0.7723 0.24 2.96 
10440 3.3306 0.9344 0.28 3.44 
10620 3.0298 0.7598 0.25 3.07 
10800 3.3638 0.7939 0.24 2.89 
10980 3.0865 0.7361 0.24 2.92 
11160 3.3567 0.9546 0.28 3.49 
11340 3.4207 0.7404 0.22 2.65 
11520 3.3724 0.7897 0.23 2.87 
11700 3.4938 0.9370 0.27 3.29 
11880 3.2661 0.5661 0.17 2.13 
12060 3.3188 0.6435 0.19 2.38 
12240 3.1944 0.5199 0.16 2.00 
12420 3.3341 0.6654 0.20 2.45 
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avg kobs = 1.94 x 10-4 ±  1.4 x 10-5 
 
Transmetalation of Arylpalladium Silanolate Complex 92 
Following General Procedure XV, a mixture of 83 (10.5 mg, 0.0225 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+39- (4.7 mg, 0.0214 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+39- (5.2 mg, 0.0236 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 2.24 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.8367 8.0416 2.83 28.17 
180 3.2464 7.6227 2.35 23.33 
360 3.1129 7.2238 2.32 23.06 
540 3.0218 7.0071 2.32 23.05 
720 2.9261 6.5339 2.23 22.19 
900 2.8720 6.2869 2.19 21.75 
1080 3.0835 6.0929 1.98 19.64 
1260 2.9518 5.7190 1.94 19.25 
1440 2.9128 5.6800 1.95 19.38 
1620 3.2175 5.3417 1.66 16.50 
1800 3.1062 5.2111 1.68 16.67 
1980 2.9304 4.9853 1.70 16.91 
2160 2.9850 4.4943 1.51 14.96 
2340 3.0084 4.4700 1.49 14.77 
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2520 3.2311 4.4497 1.38 13.69 
2700 2.7947 3.9077 1.40 13.90 
2880 3.0447 4.0724 1.34 13.29 
3060 3.1547 3.8845 1.23 12.24 
3240 3.1226 3.5121 1.12 11.18 
3420 2.9898 3.6253 1.21 12.05 
3600 2.8471 3.3005 1.16 11.52 
3780 3.1343 3.0338 0.97 9.62 
3960 2.8554 2.8880 1.01 10.05 
4140 2.8720 2.7753 0.97 9.60 
4320 2.8296 2.3216 0.82 8.15 
4500 2.8189 2.3839 0.85 8.40 
4680 2.5308 2.1636 0.85 8.50 
4860 2.8209 2.2667 0.80 7.99 
5040 2.6039 1.9441 0.75 7.42 
5220 2.7988 2.0605 0.74 7.32 
5400 2.8956 1.9731 0.68 6.77 
5580 2.7425 1.8361 0.67 6.65 
5760 2.5454 1.7439 0.69 6.81 
5940 2.6159 1.5877 0.61 6.03 
6120 2.7366 1.4426 0.53 5.24 
6300 2.8021 1.6906 0.60 6.00 
6480 2.8398 1.7426 0.61 6.10 
6660 2.8598 1.6262 0.57 5.65 
6840 2.4806 1.2324 0.50 4.94 
7020 2.7685 1.3384 0.48 4.80 
7200 2.9028 1.1936 0.41 4.09 
7380 2.8200 1.3024 0.46 4.59 
7560 2.6762 1.1084 0.41 4.12 
7740 2.6609 0.9713 0.37 3.63 
7920 2.8234 1.2274 0.43 4.32 
8100 2.4682 0.7975 0.32 3.21 
8280 2.6718 0.9404 0.35 3.50 
8460 2.5833 0.8647 0.33 3.33 
8640 2.6916 0.6824 0.25 2.52 
8820 2.7730 0.7521 0.27 2.70 
9000 2.5785 0.7743 0.30 2.98 
9180 2.4970 0.6870 0.28 2.73 
9360 2.5954 0.5600 0.22 2.14 
9540 2.7681 0.8194 0.30 2.94 
9720 2.8494 0.6091 0.21 2.12 
9900 2.7310 0.6123 0.22 2.23 
10080 2.6660 0.5379 0.20 2.01 
10260 2.3958 0.3243 0.14 1.35 
10440 2.6486 0.4054 0.15 1.52 
10620 2.7587 0.6580 0.24 2.37 
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Transmetalation of Arylpalladium Silanolate Complex 92 
Following General Procedure XV, a mixture of 83 (10.0 mg, 0.0215 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+39– (4.5 mg, 0.0204 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+39– (5.0 mg, 0.0225 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 2.25 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.2931 7.2246 2.19 26.92 
180 3.2323 6.7857 2.10 25.76 
360 3.2179 6.3949 1.99 24.39 
540 3.1316 6.2756 2.00 24.59 
720 3.4713 6.1507 1.77 21.74 
900 3.2262 5.8089 1.80 22.10 
1080 3.2281 5.4356 1.68 20.66 
1260 3.3072 5.3303 1.61 19.78 
1440 3.3305 5.0194 1.51 18.49 
1620 3.2099 4.7846 1.49 18.29 
1800 3.5756 4.5944 1.28 15.77 
1980 3.3986 4.4463 1.31 16.05 
2160 3.2613 4.2517 1.30 16.00 
2340 3.6534 4.0307 1.10 13.54 
2520 3.1888 3.6611 1.15 14.09 
2700 3.5802 3.5872 1.00 12.30 
2880 3.1056 3.4578 1.11 13.66 
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3060 3.3382 3.3342 1.00 12.26 
3240 3.4333 3.1849 0.93 11.38 
3420 3.5481 3.3061 0.93 11.43 
3600 3.1203 2.8368 0.91 11.16 
3780 3.4230 2.6088 0.76 9.35 
3960 3.2037 2.4098 0.75 9.23 
4140 3.5315 2.5932 0.73 9.01 
4320 3.2829 2.3682 0.72 8.85 
4500 3.1855 1.8384 0.58 7.08 
4680 3.4038 2.0204 0.59 7.28 
4860 3.2582 1.8176 0.56 6.85 
5040 3.5371 1.9003 0.54 6.59 
5220 3.2204 1.8616 0.58 7.09 
5400 3.1900 1.6904 0.53 6.50 
5580 3.4968 1.8498 0.53 6.49 
5760 3.2767 1.6489 0.50 6.18 
5940 3.2400 1.6271 0.50 6.16 
6120 3.5314 1.4876 0.42 5.17 
6300 3.3865 1.5308 0.45 5.55 
6480 3.3018 1.3970 0.42 5.19 
6660 3.3952 1.4820 0.44 5.36 
6840 3.1109 1.1369 0.37 4.48 
7020 3.2365 1.3980 0.43 5.30 
7200 3.1692 1.2656 0.40 4.90 
7380 3.0130 1.0071 0.33 4.10 
7560 3.4779 1.2279 0.35 4.33 
7740 3.2142 1.1140 0.35 4.25 
7920 2.9141 0.8534 0.29 3.59 
8100 3.4313 1.0956 0.32 3.92 
8280 2.8902 0.8755 0.30 3.72 
8460 3.0270 0.9198 0.30 3.73 
8640 3.2409 0.9112 0.28 3.45 
8820 2.8290 0.7597 0.27 3.30 
9000 3.0283 0.5931 0.20 2.40 
9180 3.1536 0.8994 0.29 3.50 
9360 3.3852 1.0013 0.30 3.63 
9540 3.3406 0.8179 0.24 3.00 
9720 2.9902 0.5554 0.19 2.28 
9900 3.3250 0.8786 0.26 3.24 
10080 3.1267 0.4906 0.16 1.93 
10260 2.9813 0.5306 0.18 2.18 
10440 3.1719 0.6531 0.21 2.53 
10620 2.9061 0.5540 0.19 2.34 
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kobs = 2.25 x 10-4 ± 7.1 x 10-7 
 
Transmetalation of Arylpalladium Silanolate Complex 87 
Following General Procedure XV, a mixture of 84 (11.1 mg, 0.0208 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+39– (4.3 mg, 0.0197 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+39– (4.8 mg, 0.0218 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 5.10 x 10-4 s-1. 
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Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.0604 6.1931 2.02 26.05 
180 2.9283 5.4161 1.85 23.81 
360 2.9293 4.8690 1.66 21.39 
540 3.0325 4.4635 1.47 18.95 
720 2.9938 4.2680 1.43 18.35 
900 2.8028 3.6456 1.30 16.74 
1080 2.9702 3.6161 1.22 15.67 
1260 3.1047 3.2269 1.04 13.38 
1440 3.0442 3.1848 1.05 13.47 
1620 2.9557 2.7927 0.94 12.16 
1800 3.1346 2.7995 0.89 11.50 
1980 3.3160 2.4269 0.73 9.42 
2160 2.7643 1.9454 0.70 9.06 
2340 2.8638 1.6222 0.57 7.29 
2520 2.8827 1.2374 0.43 5.52 
2700 3.0267 1.1123 0.37 4.73 
2880 2.7750 0.7454 0.27 3.46 
3060 3.1618 0.7280 0.23 2.96 
3240 2.8920 0.3724 0.13 1.66 
3420 2.8454 -0.0128 0.00 -0.06 
3600 3.0526 0.0988 0.03 0.42 
3780 3.0866 0.1192 0.04 0.50 
3960 3.3060 0.1917 0.06 0.75 
4140 3.0036 -0.1738 -0.06 -0.74 
4320 3.0464 0.0585 0.02 0.25 
4500 3.0560 -0.3030 -0.10 -1.28 
4680 3.1008 -0.0404 -0.01 -0.17 
4860 3.1794 -0.0761 -0.02 -0.31 
5040 3.1108 -0.2810 -0.09 -1.16 
5220 3.2172 -0.1823 -0.06 -0.73 
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Transmetalation of Arylpalladium Silanolate Complex 87 
Following General Procedure XV, a mixture of 84 (11.2 mg, 0.0209 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+39– (4.4 mg, 0.0199 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+39– (4.8 mg, 0.0219 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 4.86 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.0604 4.9059 1.60 26.17 
180 2.9283 4.0161 1.37 22.39 
360 2.9293 4.1586 1.42 23.18 
540 3.0325 3.4431 1.14 18.54 
720 2.9938 3.2959 1.10 17.98 
900 2.8028 2.8940 1.03 16.86 
1080 2.9702 2.6010 0.88 14.30 
1260 3.1047 2.4631 0.79 12.95 
1440 3.0442 2.2127 0.73 11.87 
1620 2.9557 2.1476 0.73 11.86 
1800 3.1346 1.9361 0.62 10.09 
1980 3.3160 1.5807 0.48 7.78 
2160 2.7643 1.5619 0.57 9.23 
2340 2.8638 1.2021 0.42 6.85 
2520 2.8827 1.1678 0.41 6.61 
2700 3.0267 0.8402 0.28 4.53 
2880 2.7750 0.3062 0.11 1.80 
3060 3.1618 0.2773 0.09 1.43 
3240 2.8920 0.2633 0.09 1.49 
 kobs = 4.93 x 10-4 ± 2.4 x 10-5 s-1 
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Transmetalation of Arylpalladium Silanolate Complex 96  
Following General Procedure XV, a mixture of 82 (10.2 mg, 0.0206 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (3.7 mg, 0.0195 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.1 mg, 0.0216 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.07 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.2206 5.0856 1.58 24.49 
180 2.9847 4.9158 1.65 25.55 
360 3.0429 5.0375 1.66 25.68 
540 3.0441 4.8829 1.60 24.88 
720 3.1522 4.7626 1.51 23.44 
900 3.0350 4.6829 1.54 23.93 
1080 3.0666 4.4963 1.47 22.74 
1260 3.0559 4.4134 1.44 22.40 
1440 3.0720 4.3179 1.41 21.80 
1620 3.2050 4.2476 1.33 20.56 
1800 3.0368 4.1453 1.37 21.17 
1980 3.2025 4.0097 1.25 19.42 
2160 3.0929 3.9881 1.29 20.00 
2340 3.1230 3.9199 1.26 19.47 
2520 3.1858 3.8182 1.20 18.59 
2700 3.1909 3.7506 1.18 18.23 
2880 3.0373 3.7561 1.24 19.18 
3060 3.0455 3.6247 1.19 18.46 
3240 3.2481 3.6705 1.13 17.53 
3420 3.1541 3.5844 1.14 17.63 
3600 3.2501 3.3485 1.03 15.98 
3780 3.1202 3.3082 1.06 16.45 
3960 3.1103 3.2316 1.04 16.12 
4140 3.1072 3.1839 1.02 15.89 
4320 3.0727 3.1058 1.01 15.68 
4500 3.1913 2.8351 0.89 13.78 
4680 3.1284 2.9355 0.94 14.56 
4860 3.1882 2.7973 0.88 13.61 
5040 3.1460 2.8794 0.92 14.20 
5220 3.2616 2.7821 0.85 13.23 
5400 3.2788 2.5501 0.78 12.06 
5580 3.2606 2.6376 0.81 12.55 
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5760 3.2082 2.5930 0.81 12.54 
5940 3.3019 2.4637 0.75 11.57 
6120 3.1842 2.5366 0.80 12.36 
6300 3.1386 2.5175 0.80 12.44 
6480 3.1624 2.4126 0.76 11.83 
6660 3.2064 2.3389 0.73 11.32 
6840 3.1300 2.3394 0.75 11.59 
7020 3.1733 2.2272 0.70 10.89 
7200 3.0807 2.1378 0.69 10.76 
7380 3.1754 1.9890 0.63 9.72 
7560 3.2908 2.0931 0.64 9.87 
7740 3.2000 2.0461 0.64 9.92 
7920 3.2465 2.0798 0.64 9.94 
8100 3.1388 1.9826 0.63 9.80 
8280 3.1999 1.9394 0.61 9.40 
8460 3.2773 2.0059 0.61 9.49 
8640 3.2532 1.7869 0.55 8.52 
8820 3.1151 1.8366 0.59 9.15 
9000 3.2315 1.8638 0.58 8.95 
9180 3.1492 1.7626 0.56 8.68 
9360 3.1341 1.7171 0.55 8.50 
9540 3.3187 1.6830 0.51 7.87 
9720 3.2399 1.6531 0.51 7.91 
9900 3.0567 1.6279 0.53 8.26 
10080 3.2720 1.5131 0.46 7.17 
10260 3.0235 1.4657 0.48 7.52 
10440 3.1554 1.4601 0.46 7.18 
10620 3.1701 1.4282 0.45 6.99 
10800 3.1194 1.5401 0.49 7.66 
10980 3.2148 1.4399 0.45 6.95 
11160 3.1908 1.3896 0.44 6.76 
11340 3.1836 1.2685 0.40 6.18 
11520 3.1276 1.4123 0.45 7.00 
11700 3.3082 1.2732 0.38 5.97 
11880 3.2337 1.2567 0.39 6.03 
12060 3.2288 1.2086 0.37 5.81 
12240 3.3074 1.2182 0.37 5.71 
12420 3.1738 1.2459 0.39 6.09 
12600 3.1308 1.1311 0.36 5.60 
12780 3.2604 1.0654 0.33 5.07 
12960 3.1070 1.0946 0.35 5.46 
13140 3.1816 1.1116 0.35 5.42 
13320 3.2205 1.0582 0.33 5.10 
13500 3.2437 1.0188 0.31 4.87 
13680 3.3149 0.8892 0.27 4.16 
13860 3.2340 0.9478 0.29 4.55 
14040 3.2628 0.9182 0.28 4.37 
14220 3.2575 1.0299 0.32 4.90 
14400 3.2213 0.8741 0.27 4.21 
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14580 3.1307 0.9061 0.29 4.49 
14760 3.2345 0.9334 0.29 4.48 
14940 3.2671 0.8655 0.26 4.11 
15120 3.1044 0.9182 0.30 4.59 
15300 3.0567 0.8084 0.26 4.10 
15480 3.1805 0.8323 0.26 4.06 
15660 3.1248 0.7319 0.23 3.63 
15840 3.3125 0.7604 0.23 3.56 
16020 3.1277 0.6824 0.22 3.38 
16200 3.2531 0.6340 0.19 3.02 
16380 3.2022 0.6329 0.20 3.07 
16560 3.3750 0.6096 0.18 2.80 
16740 3.2867 0.6103 0.19 2.88 
16920 3.2474 0.6309 0.19 3.01 
17100 3.2134 0.6492 0.20 3.13 
17280 3.2940 0.6263 0.19 2.95 
17460 3.2665 0.7740 0.24 3.68 
17640 3.2823 0.5011 0.15 2.37 
17820 3.2327 0.5775 0.18 2.77 
18000 3.2430 0.6475 0.20 3.10 
18180 3.1411 0.4917 0.16 2.43 
18360 3.1197 0.4003 0.13 1.99 
18540 3.2329 0.5101 0.16 2.45 
18720 3.1084 0.4231 0.14 2.11 
18900 3.2082 0.3956 0.12 1.91 
19080 3.2715 0.3978 0.12 1.89 
19260 3.1782 0.3920 0.12 1.91 
19440 3.3154 0.5374 0.16 2.51 
19620 3.1942 0.3576 0.11 1.74 
19800 3.1554 0.4449 0.14 2.19 
19980 3.1526 0.3687 0.12 1.81 
20160 3.2735 0.4790 0.15 2.27 
20340 3.3251 0.4395 0.13 2.05 
20520 3.2330 0.4672 0.14 2.24 
20700 3.2371 0.2997 0.09 1.44 
20880 3.2244 0.3113 0.10 1.50 
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Transmetalation of Arylpalladium Silanolate Complex 96  
Following General Procedure XV, a mixture of 82 (10.8 mg, 0.0218 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (3.9 mg, 0.0207 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.4 mg, 0.0229 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.04 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.5559 5.6911 1.60 24.23 
180 3.4469 5.8326 1.69 25.62 
360 3.1196 5.6112 1.80 27.23 
540 3.4705 5.5460 1.60 24.19 
720 3.2691 5.4187 1.66 25.09 
900 3.2370 5.2756 1.63 24.67 
1080 3.3511 5.3454 1.60 24.15 
1260 3.3800 5.1760 1.53 23.18 
1440 3.3226 5.1934 1.56 23.66 
1620 3.3379 4.9198 1.47 22.31 
1800 3.3476 4.8047 1.44 21.73 
1980 3.2417 4.7426 1.46 22.15 
2160 3.3325 4.5543 1.37 20.69 
2340 3.2409 4.6498 1.43 21.72 
2520 3.3372 4.3480 1.30 19.72 
2700 3.2740 4.3755 1.34 20.23 
2880 3.3025 4.2901 1.30 19.67 
3060 3.4324 4.3094 1.26 19.01 
3240 3.3235 4.0494 1.22 18.45 
3420 3.3242 4.0726 1.23 18.55 
3600 3.3905 4.1602 1.23 18.58 
3780 3.3813 3.8898 1.15 17.42 
3960 3.5527 3.7982 1.07 16.18 
4140 3.3414 3.7553 1.12 17.01 
4320 3.4591 3.7045 1.07 16.21 
4500 3.3452 3.5909 1.07 16.25 
4680 3.4472 3.4405 1.00 15.11 
4860 3.3600 3.4809 1.04 15.68 
5040 3.4423 3.2895 0.96 14.47 
5220 3.4133 3.3570 0.98 14.89 
5400 3.4727 3.3698 0.97 14.69 
5580 3.4710 3.2333 0.93 14.10 
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5760 3.4232 3.0617 0.89 13.54 
5940 3.7218 3.1634 0.85 12.87 
6120 3.2274 2.7386 0.85 12.85 
6300 3.5378 3.0133 0.85 12.89 
6480 3.3083 2.7189 0.82 12.44 
6660 3.2801 2.6128 0.80 12.06 
6840 3.2965 2.5284 0.77 11.61 
7020 3.3749 2.7769 0.82 12.46 
7200 3.3692 2.7766 0.82 12.48 
7380 3.2004 2.5958 0.81 12.28 
7560 3.5726 2.5957 0.73 11.00 
7740 3.3128 2.4073 0.73 11.00 
7920 3.6190 2.8202 0.78 11.80 
8100 3.4363 2.5304 0.74 11.15 
8280 3.3730 2.2457 0.67 10.08 
8460 3.3118 2.1110 0.64 9.65 
8640 3.3566 2.1878 0.65 9.87 
8820 3.4382 2.2155 0.64 9.76 
9000 3.4428 2.1543 0.63 9.47 
9180 3.4052 2.0399 0.60 9.07 
9360 3.4789 2.2151 0.64 9.64 
9540 3.3132 2.0388 0.62 9.32 
9720 3.2991 2.0199 0.61 9.27 
9900 3.4566 1.8706 0.54 8.19 
10080 3.4327 1.7841 0.52 7.87 
10260 3.3396 1.6745 0.50 7.59 
10440 3.4451 1.6850 0.49 7.40 
10620 3.6611 1.7430 0.48 7.21 
10800 3.2857 1.7024 0.52 7.84 
10980 3.4992 1.6141 0.46 6.98 
11160 3.4617 1.5502 0.45 6.78 
11340 3.5999 1.7050 0.47 7.17 
11520 3.4450 1.7059 0.50 7.50 
11700 3.2919 1.3467 0.41 6.19 
11880 3.3588 1.5060 0.45 6.79 
12060 3.3758 1.3842 0.41 6.21 
12240 3.4582 1.6007 0.46 7.01 
12420 3.3479 1.4118 0.42 6.38 
12600 3.2933 1.4539 0.44 6.68 
12780 3.4143 1.3483 0.39 5.98 
12960 3.1061 1.2749 0.41 6.21 
13140 3.3486 1.4008 0.42 6.33 
13320 3.4419 1.3810 0.40 6.07 
13500 3.4576 1.1528 0.33 5.05 
13680 3.7571 1.3268 0.35 5.35 
13860 3.4682 1.3384 0.39 5.84 
14040 3.4610 1.2352 0.36 5.40 
14220 3.2512 1.0052 0.31 4.68 
14400 3.4034 1.1551 0.34 5.14 
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14580 3.5734 1.1537 0.32 4.89 
14760 3.4061 1.0215 0.30 4.54 
14940 3.2457 1.0870 0.33 5.07 
15120 3.2553 0.9360 0.29 4.35 
15300 3.4371 1.1773 0.34 5.19 
15480 3.4436 1.1297 0.33 4.97 
15660 3.6783 1.0205 0.28 4.20 
15840 3.4194 0.9872 0.29 4.37 
16020 3.3434 0.6468 0.19 2.93 
16200 3.2083 0.7644 0.24 3.61 
16380 3.5338 0.6857 0.19 2.94 
16560 3.3856 0.7259 0.21 3.25 
16740 3.3597 0.7364 0.22 3.32 
16920 3.3229 0.5924 0.18 2.70 
17100 3.1770 0.5709 0.18 2.72 
17280 3.4547 0.7044 0.20 3.09 
17460 3.6388 0.9109 0.25 3.79 
17640 3.4426 0.6500 0.19 2.86 
17820 3.5801 0.5491 0.15 2.32 
18000 3.5121 0.6715 0.19 2.89 
18180 3.3540 0.5893 0.18 2.66 
18360 3.2720 0.5170 0.16 2.39 
18540 3.3367 0.4226 0.13 1.92 
18720 3.3350 0.4821 0.14 2.19 
18900 3.2043 0.3526 0.11 1.67 
19080 3.1666 0.3387 0.11 1.62 
19260 3.3244 0.5331 0.16 2.43 
19440 3.4706 0.5054 0.15 2.20 
19620 3.3387 0.4327 0.13 1.96 
 
kobs = 1.06 X 10-4 ± 2.1 x 10-6 s-1 
           
400 
Transmetalation of Arylpalladium Silanolate Complex 93  
Following General Procedure XV, a mixture of 83 (9.9 mg, 0.0213 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+85– (3.8 mg, 0.0202 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.3 mg, 0.0224 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 1.30 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.8146 4.7321 1.68 26.65 
180 3.0149 4.6766 1.55 24.58 
360 2.8955 4.3533 1.50 23.83 
540 2.8310 4.4508 1.57 24.92 
720 2.8235 4.2418 1.50 23.81 
900 2.8594 4.1662 1.46 23.09 
1080 2.7659 4.0767 1.47 23.36 
1260 2.8355 3.8383 1.35 21.45 
1440 2.7804 3.7807 1.36 21.55 
1620 2.9005 3.5745 1.23 19.53 
1800 2.9279 3.5277 1.20 19.09 
1980 2.9796 3.4172 1.15 18.18 
2160 2.8982 3.4103 1.18 18.65 
2340 2.9240 3.2228 1.10 17.47 
2520 2.7912 3.0869 1.11 17.53 
2700 2.8483 3.1321 1.10 17.43 
2880 2.9309 3.0607 1.04 16.55 
3060 2.8461 2.8916 1.02 16.10 
3240 2.8651 2.8984 1.01 16.03 
3420 2.8193 2.7619 0.98 15.53 
3600 2.8113 2.7368 0.97 15.43 
3780 2.7530 2.6020 0.95 14.98 
3960 2.7547 2.4919 0.90 14.34 
4140 2.6973 2.4966 0.93 14.67 
4320 2.8771 2.4537 0.85 13.52 
4500 2.8138 2.3131 0.82 13.03 
4680 2.8555 2.1688 0.76 12.04 
4860 2.8950 2.2931 0.79 12.55 
5040 2.8348 2.3119 0.82 12.92 
5220 2.8572 2.2053 0.77 12.23 
5400 2.8647 2.0774 0.73 11.49 
5580 2.7925 2.0531 0.74 11.65 
           
401 
5760 2.8642 2.0499 0.72 11.34 
5940 2.9581 2.0394 0.69 10.93 
6120 3.0130 1.7778 0.59 9.35 
6300 2.7439 1.8742 0.68 10.83 
6480 2.9068 1.8358 0.63 10.01 
6660 2.8776 1.7151 0.60 9.45 
6840 2.6692 1.6193 0.61 9.61 
7020 2.8105 1.5945 0.57 8.99 
7200 2.7358 1.6619 0.61 9.63 
7380 2.7493 1.6395 0.60 9.45 
7560 2.7316 1.6599 0.61 9.63 
7740 2.8307 1.4900 0.53 8.34 
7920 2.8968 1.5183 0.52 8.31 
8100 2.7444 1.4795 0.54 8.54 
8280 2.8394 1.3972 0.49 7.80 
8460 2.8396 1.3218 0.47 7.38 
8640 2.8717 1.2872 0.45 7.10 
8820 2.7322 1.2615 0.46 7.32 
9000 2.7812 1.2945 0.47 7.38 
9180 2.7627 1.3288 0.48 7.62 
9360 2.7537 1.1742 0.43 6.76 
9540 2.6190 1.2108 0.46 7.33 
 
 
Transmetalation of Arylpalladium Silanolate Complex 93  
Following General Procedure XV, a mixture of 83 (9.9 mg, 0.0213 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+85– (3.8 mg, 0.0202 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.3 mg, 0.0224 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
           
402 
spectroscopy.  kobs = 1.20 x 10-4 s-1. 
 
 
kobs = 1.25 x 10-4 ± 7.1 x 10-6 s-1 
 
Transmetalation of Arylpalladium Silanolate Complex 90  
Following General Procedure XV, a mixture of 68 (11.0 mg, 0.0227 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (4.1 mg, 0.0216 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.5 mg, 0.038 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.52 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex 
 (62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.6796 5.1611 1.93 28.32 
180 2.6844 4.9959 1.86 27.36 
360 2.7659 4.7819 1.73 25.42 
540 2.8549 4.7648 1.67 24.54 
720 2.8004 4.6076 1.65 24.19 
900 2.7737 4.5525 1.64 24.13 
1080 2.8959 4.3215 1.49 21.94 
1260 2.8743 4.4185 1.54 22.60 
1440 2.7125 4.2146 1.55 22.84 
1620 2.8688 4.0838 1.42 20.93 
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1800 2.7101 3.9074 1.44 21.20 
1980 2.8677 3.8411 1.34 19.69 
2160 2.9437 3.8420 1.31 19.19 
2340 2.7329 3.6842 1.35 19.82 
2520 2.8065 3.4634 1.23 18.14 
2700 2.8657 3.5596 1.24 18.26 
2880 2.8884 3.4197 1.18 17.41 
3060 2.8564 3.1990 1.12 16.47 
3240 2.9473 3.3511 1.14 16.72 
3420 2.8434 3.1455 1.11 16.26 
3600 2.8966 3.1426 1.08 15.95 
3780 2.7559 2.8647 1.04 15.28 
3960 2.8870 2.8869 1.00 14.70 
4140 2.6449 2.6172 0.99 14.55 
4320 2.7548 2.6653 0.97 14.22 
4500 2.7329 2.5342 0.93 13.63 
4680 2.9981 2.5879 0.86 12.69 
4860 2.9856 2.5045 0.84 12.33 
5040 2.8691 2.3905 0.83 12.25 
5220 2.9135 2.2639 0.78 11.42 
5400 2.9673 2.2949 0.77 11.37 
5580 2.7363 2.1289 0.78 11.44 
5760 3.0597 2.1749 0.71 10.45 
5940 2.8534 2.1281 0.75 10.96 
6120 2.8264 1.9656 0.70 10.22 
6300 2.6008 1.8279 0.70 10.33 
6480 3.0854 2.0170 0.65 9.61 
6660 2.9036 1.8309 0.63 9.27 
6840 2.9861 1.9514 0.65 9.61 
7020 2.8520 1.6493 0.58 8.50 
7200 2.9037 1.6017 0.55 8.11 
7380 2.9452 1.6442 0.56 8.21 
7560 2.8299 1.4961 0.53 7.77 
7740 2.8599 1.4194 0.50 7.30 
7920 2.9510 1.4514 0.49 7.23 
8100 2.7581 1.3466 0.49 7.18 
8280 3.1615 1.4341 0.45 6.67 
8460 3.0136 1.4399 0.48 7.02 
8640 3.0271 1.3350 0.44 6.48 
8820 2.9277 1.2163 0.42 6.11 
9000 2.9042 1.2519 0.43 6.34 
9180 2.9261 1.2382 0.42 6.22 
9360 2.9590 1.1362 0.38 5.65 
9540 2.9642 1.1283 0.38 5.60 
9720 3.0245 1.0387 0.34 5.05 
9900 2.9500 0.9937 0.34 4.95 
10080 2.8903 1.0316 0.36 5.25 
10260 2.9485 0.9077 0.31 4.53 
10440 3.0090 0.9865 0.33 4.82 
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10620 2.9734 0.7905 0.27 3.91 
10800 3.0499 0.8225 0.27 3.96 
10980 2.8730 0.9340 0.33 4.78 
11160 3.0387 0.8854 0.29 4.28 
11340 2.9741 0.8820 0.30 4.36 
11520 3.2213 0.8309 0.26 3.79 
11700 3.0889 0.7781 0.25 3.70 
11880 2.8180 0.7625 0.27 3.98 
12060 3.0405 0.7284 0.24 3.52 
12240 2.9327 0.6781 0.23 3.40 
12420 2.9646 0.5937 0.20 2.94 
12600 3.0806 0.6579 0.21 3.14 
12780 2.9972 0.7023 0.23 3.44 
12960 2.7075 0.5806 0.21 3.15 
13140 3.1462 0.6062 0.19 2.83 
13320 3.0640 0.6414 0.21 3.08 
13500 3.1192 0.5394 0.17 2.54 
13680 3.1234 0.4800 0.15 2.26 
13860 2.9471 0.5239 0.18 2.61 
 
 
Transmetalation of Arylpalladium Silanolate Complex 90  
Following General Procedure XV, a mixture of 68 (11.1 mg, 0.0229 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (4.1 mg, 0.0218 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.6 mg, 0.0240 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.86 x 10-4 s-1. 
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Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.6530 5.6882 2.14 28.68 
180 2.6756 5.6048 2.09 28.02 
360 2.9433 5.5161 1.87 25.07 
540 2.8164 5.5414 1.97 26.32 
720 3.0361 5.2107 1.72 22.96 
900 2.8287 5.0608 1.79 23.93 
1080 2.6153 4.7565 1.82 24.33 
1260 2.9891 5.0445 1.69 22.57 
1440 2.8023 4.6944 1.68 22.41 
1620 2.8074 4.6426 1.65 22.12 
1800 2.9754 4.6827 1.57 21.05 
1980 2.9124 4.4927 1.54 20.63 
2160 3.0156 4.2864 1.42 19.01 
2340 2.8728 4.1033 1.43 19.11 
2520 2.9651 4.0371 1.36 18.21 
2700 2.6837 3.7142 1.38 18.51 
2880 2.9362 3.7133 1.26 16.92 
3060 2.8387 3.8100 1.34 17.95 
3240 2.9248 3.6256 1.24 16.58 
3420 3.0230 3.4298 1.13 15.18 
3600 2.9328 3.3130 1.13 15.11 
3780 2.9892 3.2417 1.08 14.51 
3960 2.7508 2.9713 1.08 14.45 
4140 3.1505 2.8722 0.91 12.19 
4320 2.9695 2.6593 0.90 11.98 
4500 2.9563 2.7802 0.94 12.58 
4680 2.9860 2.6475 0.89 11.86 
4860 2.8635 2.3124 0.81 10.80 
5040 2.6938 2.3129 0.86 11.48 
5220 2.9916 2.2462 0.75 10.04 
5400 2.9379 2.0480 0.70 9.32 
5580 3.0021 2.0127 0.67 8.97 
5760 3.2359 2.2295 0.69 9.22 
5940 2.8534 2.0637 0.72 9.67 
6120 2.9876 2.0706 0.69 9.27 
6300 3.3777 1.9176 0.57 7.59 
6480 2.8746 1.7459 0.61 8.12 
6660 2.8674 1.6331 0.57 7.62 
6840 2.8738 1.5468 0.54 7.20 
7020 3.0658 1.6567 0.54 7.23 
7200 3.1165 1.5932 0.51 6.84 
7380 2.7686 1.5221 0.55 7.35 
7560 2.7886 1.0871 0.39 5.21 
7740 2.9982 1.3173 0.44 5.88 
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7920 2.9149 1.2318 0.42 5.65 
8100 2.7610 1.3005 0.47 6.30 
8280 3.0319 1.1121 0.37 4.91 
8460 2.8669 1.1479 0.40 5.36 
8640 2.8278 1.0851 0.38 5.13 
8820 2.9403 1.2460 0.42 5.67 
9000 2.5764 1.0072 0.39 5.23 
9180 3.0330 1.1614 0.38 5.12 
9360 2.9622 0.8145 0.27 3.68 
9540 2.9386 0.9385 0.32 4.27 
9720 3.1184 1.0456 0.34 4.48 
9900 3.0958 1.1170 0.36 4.83 
10080 3.0103 0.8512 0.28 3.78 
10260 3.1266 0.8073 0.26 3.45 
10440 3.1523 0.8202 0.26 3.48 
10620 3.1728 0.9182 0.29 3.87 
10800 2.9377 0.6945 0.24 3.16 
10980 2.8180 0.6849 0.24 3.25 
11160 2.8563 0.7316 0.26 3.43 
11340 3.3076 0.6630 0.20 2.68 
11520 3.0056 0.6561 0.22 2.92 
11700 3.1133 0.5337 0.17 2.29 
11880 3.1685 0.5769 0.18 2.44 
12060 2.9923 0.4866 0.16 2.18 
12240 2.7674 0.4221 0.15 2.04 
12420 2.9356 0.5788 0.20 2.64 
 
kobs = 1.60 x 10-4 ± 1.1 x 10-5 s-1 
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Transmetalation of Arylpalladium Silanolate Complex 88 
Following General Procedure XV, a mixture of 84 (10.1 mg, 0.0189 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (3.4 mg, 0.0180 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (3.8 mg, 0.0198 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 2.34 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.2262 4.1957 1.30 23.63 
180 3.0897 3.5714 1.16 21.01 
360 3.1702 3.7246 1.17 21.35 
540 3.1987 3.3991 1.06 19.31 
720 3.0960 3.2104 1.04 18.84 
900 2.7898 2.9795 1.07 19.41 
1080 3.1611 3.0102 0.95 17.31 
1260 3.1487 2.7955 0.89 16.13 
1440 3.1928 2.6500 0.83 15.08 
1620 3.1843 2.6244 0.82 14.98 
1800 3.2966 2.4887 0.75 13.72 
1980 3.2135 2.5572 0.80 14.46 
2160 3.2096 2.3782 0.74 13.47 
2340 3.1056 2.2457 0.72 13.14 
2520 3.2324 1.9319 0.60 10.86 
2700 3.1938 2.0229 0.63 11.51 
2880 3.0289 1.7176 0.57 10.31 
3060 3.2960 1.8808 0.57 10.37 
3240 3.2036 1.7405 0.54 9.87 
3420 3.2186 1.6389 0.51 9.25 
3600 3.0277 1.5743 0.52 9.45 
3780 3.2385 1.4543 0.45 8.16 
3960 3.2412 1.4875 0.46 8.34 
4140 2.9890 1.1591 0.39 7.05 
4320 3.0785 1.2325 0.40 7.28 
4500 3.1121 1.0954 0.35 6.40 
4680 3.0456 1.1090 0.36 6.62 
4860 3.1658 1.1730 0.37 6.73 
5040 3.0971 1.0959 0.35 6.43 
5220 3.2382 1.0720 0.33 6.02 
5400 3.0346 0.8767 0.29 5.25 
5580 3.4427 0.8941 0.26 4.72 
           
408 
5760 3.3896 0.8893 0.26 4.77 
5940 3.0270 0.6416 0.21 3.85 
6120 3.0197 0.5566 0.18 3.35 
6300 3.1597 0.6057 0.19 3.48 
6480 3.1098 0.5865 0.19 3.43 
6660 3.3018 0.6422 0.19 3.53 
6840 3.1586 0.5513 0.17 3.17 
 
 
Transmetalation of Arylpalladium Silanolate Complex 88 
Following General Procedure XV, a mixture of 84 (10.6 mg, 0.0198 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (3.6 mg, 0.0189 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (4.0 mg, 0.0208 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.92 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.1260 4.6074 1.47 24.82 
180 2.8724 4.2109 1.47 24.68 
360 2.9703 4.0016 1.35 22.68 
540 2.8699 3.9064 1.36 22.92 
720 3.0185 3.8046 1.26 21.22 
900 3.1658 3.6749 1.16 19.54 
1080 3.3622 3.4699 1.03 17.38 
1260 3.2122 3.3434 1.04 17.52 
1440 3.2273 3.4492 1.07 17.99 
1620 3.1261 3.1932 1.02 17.20 
           
409 
1800 2.9716 2.8705 0.97 16.26 
1980 3.2677 3.0152 0.92 15.54 
2160 2.9205 2.7889 0.95 16.08 
2340 3.2274 2.8804 0.89 15.03 
2520 3.0856 2.7033 0.88 14.75 
2700 2.9830 2.4970 0.84 14.09 
2880 3.1732 2.5409 0.80 13.48 
3060 3.0688 2.4556 0.80 13.47 
3240 3.1914 2.4325 0.76 12.83 
3420 3.1510 2.1923 0.70 11.71 
3600 2.9996 2.1721 0.72 12.19 
3780 3.4083 2.3093 0.68 11.41 
3960 3.0544 1.9399 0.64 10.69 
4140 3.0048 1.8822 0.63 10.55 
4320 3.0286 1.8579 0.61 10.33 
4500 3.0789 1.8271 0.59 9.99 
4680 3.0877 1.6563 0.54 9.03 
4860 3.0762 1.6094 0.52 8.81 
5040 3.0505 1.6829 0.55 9.29 
5220 3.2172 1.5798 0.49 8.27 
5400 3.2612 1.5274 0.47 7.89 
5580 3.4328 1.6533 0.48 8.11 
5760 3.1202 1.4958 0.48 8.07 
5940 3.2191 1.3529 0.42 7.08 
6120 2.9870 1.1307 0.38 6.37 
6300 3.0898 0.9487 0.31 5.17 
6480 3.0372 0.9208 0.30 5.10 
6660 3.1831 0.9879 0.31 5.23 
6840 3.4121 1.0145 0.30 5.01 
7020 3.1177 0.8843 0.28 4.78 
7200 3.0272 0.7886 0.26 4.39 
7380 3.2825 0.8519 0.26 4.37 
7560 3.0933 0.5502 0.18 2.99 
7740 3.1307 0.8600 0.27 4.62 
7920 3.0303 0.3444 0.11 1.91 
 
kobs = 2.13 x 10-4 ± 3.0 x 10-5 s-1 
           
410 
Transmetalation of Arylpalladium Silanolate Complex 97 
Following General Procedure XV, a mixture of 82 (9.8 mg, 0.0198 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+51– (4.9 mg, 0.0188 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (5.4 mg, 0.0208 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 8.10 x 10-5 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.4059 6.2684 1.84 24.10 
180 3.2775 6.1503 1.88 24.57 
360 3.1974 6.0362 1.89 24.72 
540 3.2906 6.1798 1.88 24.59 
720 3.2873 5.9714 1.82 23.79 
900 3.2166 5.8510 1.82 23.82 
1080 3.2330 5.7767 1.79 23.40 
1260 3.3757 5.5989 1.66 21.72 
1440 3.4083 5.6746 1.66 21.80 
1620 3.4153 5.5677 1.63 21.35 
1800 3.2729 5.3908 1.65 21.57 
1980 3.3610 5.2688 1.57 20.53 
2160 3.2968 5.3598 1.63 21.29 
2340 3.5037 5.0706 1.45 18.95 
2520 3.3818 5.0443 1.49 19.53 
2700 3.3136 4.9980 1.51 19.75 
2880 3.2517 4.9491 1.52 19.93 
3060 3.5258 4.8870 1.39 18.15 
3240 3.4984 4.8043 1.37 17.98 
3420 3.5243 4.8213 1.37 17.91 
3600 3.3188 4.7048 1.42 18.56 
3780 3.4250 4.5606 1.33 17.44 
3960 3.1822 4.5052 1.42 18.54 
4140 3.3610 4.3374 1.29 16.90 
4320 3.5131 4.2473 1.21 15.83 
4500 3.3087 4.3766 1.32 17.32 
4680 3.2576 4.2527 1.31 17.10 
4860 3.2900 4.1179 1.25 16.39 
5040 3.4125 4.1176 1.21 15.80 
5220 3.4184 4.1195 1.21 15.78 
5400 3.3902 4.1147 1.21 15.89 
5580 3.3839 3.8486 1.14 14.89 
           
411 
5760 3.5002 3.8198 1.09 14.29 
5940 3.5955 3.8179 1.06 13.91 
6120 3.2584 3.6279 1.11 14.58 
6300 3.5262 3.6525 1.04 13.56 
6480 3.3831 3.8135 1.13 14.76 
6660 3.3271 3.6870 1.11 14.51 
6840 3.3361 3.5254 1.06 13.84 
7020 3.3831 3.6391 1.08 14.09 
7200 3.3396 3.2984 0.99 12.93 
7380 3.2575 3.3591 1.03 13.50 
7560 3.4879 3.2930 0.94 12.36 
7740 3.3925 3.2018 0.94 12.36 
7920 3.3773 3.2460 0.96 12.59 
8100 3.3721 3.2150 0.95 12.48 
8280 3.4845 2.9289 0.84 11.01 
8460 3.5367 3.0769 0.87 11.39 
8640 3.3662 3.1242 0.93 12.15 
8820 3.5981 2.9979 0.83 10.91 
9000 3.6318 3.0307 0.83 10.93 
9180 3.4860 2.8332 0.81 10.64 
9360 3.4865 2.8533 0.82 10.72 
9540 3.4163 2.8152 0.82 10.79 
9720 3.4627 2.7791 0.80 10.51 
9900 3.4428 2.7710 0.80 10.54 
10080 3.2881 2.7698 0.84 11.03 
10260 3.3873 2.6550 0.78 10.26 
10440 3.3254 2.6370 0.79 10.38 
10620 3.4531 2.5094 0.73 9.52 
10800 3.3833 2.4612 0.73 9.53 
10980 3.3751 2.4148 0.72 9.37 
11160 3.4176 2.4273 0.71 9.30 
11340 3.4442 2.4375 0.71 9.27 
11520 3.4180 2.2366 0.65 8.57 
11700 3.3830 2.3001 0.68 8.90 
11880 3.4928 2.2635 0.65 8.49 
12060 3.4217 2.2521 0.66 8.62 
12240 3.3201 2.2510 0.68 8.88 
12420 3.4197 2.1969 0.64 8.41 
12600 3.3850 2.2086 0.65 8.54 
12780 3.4084 2.1045 0.62 8.09 
12960 3.3512 2.0647 0.62 8.07 
13140 3.2748 2.0812 0.64 8.32 
13320 3.3972 1.9431 0.57 7.49 
13500 3.4821 1.9819 0.57 7.45 
13680 3.5382 1.8639 0.53 6.90 
13860 3.2685 1.8952 0.58 7.59 
14040 3.4171 1.8161 0.53 6.96 
14220 3.5159 1.8233 0.52 6.79 
14400 3.4857 2.0042 0.57 7.53 
           
412 
14580 3.4756 1.8015 0.52 6.79 
14760 3.4028 1.7314 0.51 6.66 
14940 3.5306 1.7206 0.49 6.38 
15120 3.3973 1.6568 0.49 6.39 
15300 3.2339 1.7179 0.53 6.96 
15480 3.4580 1.6777 0.49 6.35 
15660 3.5342 1.7487 0.49 6.48 
15840 3.3486 1.7249 0.52 6.75 
16020 3.4780 1.5122 0.43 5.69 
16200 3.4960 1.5318 0.44 5.74 
16380 3.4835 1.5354 0.44 5.77 
16560 3.2780 1.4700 0.45 5.87 
16740 3.3976 1.3229 0.39 5.10 
16920 3.3171 1.4458 0.44 5.71 
17100 3.4201 1.4044 0.41 5.38 
17280 3.4828 1.4225 0.41 5.35 
17460 3.4147 1.2639 0.37 4.85 
17640 3.4983 1.1836 0.34 4.43 
17820 3.4815 1.2406 0.36 4.67 
18000 3.3768 1.1507 0.34 4.46 
18180 3.3612 1.3736 0.41 5.35 
18360 3.4017 1.2679 0.37 4.88 
18540 3.5073 1.0657 0.30 3.98 
18720 3.4473 1.2223 0.35 4.64 
18900 3.4937 1.1399 0.33 4.27 
19080 3.3838 1.1612 0.34 4.49 
19260 3.1975 1.0981 0.34 4.50 
19440 3.4098 1.0777 0.32 4.14 
19620 3.2422 1.0358 0.32 4.18 
19800 3.4936 1.1694 0.33 4.38 
19980 3.3845 0.9470 0.28 3.66 
20160 3.5871 1.0480 0.29 3.83 
20340 3.2706 0.9777 0.30 3.91 
20520 3.4808 0.9652 0.28 3.63 
20700 3.5558 1.0515 0.30 3.87 
20880 3.4425 0.9972 0.29 3.79 
21060 3.2532 0.8849 0.27 3.56 
21240 3.3250 0.9360 0.28 3.69 
21420 3.3741 0.8712 0.26 3.38 
21600 3.3951 0.8389 0.25 3.24 
21780 3.4832 0.7950 0.23 2.99 
21960 3.3389 0.8378 0.25 3.29 
22140 3.4419 0.8691 0.25 3.31 
22320 3.5463 0.7828 0.22 2.89 
22500 3.3371 0.6882 0.21 2.70 
22680 3.4265 0.6429 0.19 2.46 
22860 3.5681 0.7160 0.20 2.63 
23040 3.4642 0.7014 0.20 2.65 
23220 3.4698 0.6970 0.20 2.63 
           
413 
23400 3.3239 0.6150 0.19 2.42 
23580 3.4066 0.6509 0.19 2.50 
23760 3.3733 0.6928 0.21 2.69 
23940 3.3481 0.5470 0.16 2.14 
24120 3.4489 0.5799 0.17 2.20 
24300 3.3459 0.6401 0.19 2.51 
24480 3.5254 0.5073 0.14 1.88 
24660 3.2680 0.4959 0.15 1.99 
24840 3.4659 0.4811 0.14 1.82 
25020 3.4325 0.4665 0.14 1.78 
25200 3.4857 0.4241 0.12 1.59 
25380 3.3445 0.2478 0.07 0.97 
25560 3.4432 0.4096 0.12 1.56 
25740 3.3636 0.4592 0.14 1.79 
25920 3.6163 0.3954 0.11 1.43 
26100 3.4175 0.4056 0.12 1.55 
26280 3.5357 0.4205 0.12 1.56 
26460 3.4325 0.4669 0.14 1.78 
26640 3.3283 0.1986 0.06 0.78 
26820 3.3877 0.3568 0.11 1.38 
27000 3.3943 0.4026 0.12 1.55 
27180 3.3795 0.4324 0.13 1.68 
27360 3.4739 0.3178 0.09 1.20 
27540 3.4825 0.4437 0.13 1.67 
27720 3.2958 0.2596 0.08 1.03 
27900 3.4212 0.2664 0.08 1.02 
28080 3.4331 0.3372 0.10 1.29 
28260 3.2323 0.2797 0.09 1.13 
 
 
           
414 
Transmetalation of Arylpalladium Silanolate Complex 97 
Following General Procedure XV, a mixture of 82 (9.1 mg, 0.0184 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+51– (4.5 mg, 0.0174 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (5.0 mg, 0.0193 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 6.85 x 10-5 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.1190 6.6820 2.14 22.40 
180 2.9721 6.5492 2.20 23.04 
360 3.1294 6.5447 2.09 21.86 
540 3.0983 6.4046 2.07 21.61 
720 3.1204 6.1408 1.97 20.57 
900 2.9358 6.2633 2.13 22.30 
1080 3.0248 6.1893 2.05 21.39 
1260 3.1007 6.0752 1.96 20.48 
1440 3.0236 6.0568 2.00 20.94 
1620 3.0503 5.9593 1.95 20.42 
1800 3.0809 5.7865 1.88 19.64 
1980 3.2257 5.8978 1.83 19.12 
2160 3.0930 5.6712 1.83 19.17 
2340 3.2239 5.7191 1.77 18.55 
2520 2.8802 5.5010 1.91 19.97 
2700 3.0748 5.6169 1.83 19.10 
2880 3.2260 5.4107 1.68 17.53 
3060 3.0560 5.3922 1.76 18.45 
3240 2.9558 5.3556 1.81 18.94 
3420 3.0683 5.2661 1.72 17.94 
3600 3.0713 5.0933 1.66 17.34 
3780 3.2124 5.1353 1.60 16.71 
3960 3.1621 5.0767 1.61 16.78 
4140 3.0626 5.0183 1.64 17.13 
4320 3.2540 4.9973 1.54 16.06 
4500 3.1245 4.8678 1.56 16.29 
4680 3.0849 4.7424 1.54 16.07 
4860 3.1688 4.8309 1.52 15.94 
5040 3.1967 4.7933 1.50 15.68 
5220 3.1325 4.7038 1.50 15.70 
5400 3.1059 4.6196 1.49 15.55 
5580 3.0096 4.5062 1.50 15.65 
           
415 
5760 3.1033 4.3560 1.40 14.67 
5940 3.0375 4.4509 1.47 15.32 
6120 3.1007 4.3431 1.40 14.64 
6300 3.0944 4.2315 1.37 14.30 
6480 3.0055 4.3083 1.43 14.99 
6660 2.9895 4.1059 1.37 14.36 
6840 3.0667 4.0075 1.31 13.66 
7020 3.2482 4.1504 1.28 13.36 
7200 3.1233 4.0179 1.29 13.45 
7380 3.1579 3.9160 1.24 12.96 
7560 3.0775 3.8968 1.27 13.24 
7740 3.2231 3.7813 1.17 12.27 
7920 3.0651 3.8350 1.25 13.08 
8100 3.1144 3.8206 1.23 12.83 
8280 2.9784 3.7882 1.27 13.30 
8460 3.0215 3.6388 1.20 12.59 
8640 2.9985 3.5777 1.19 12.47 
8820 3.0546 3.5079 1.15 12.01 
9000 2.9697 3.6025 1.21 12.68 
9180 3.0872 3.4238 1.11 11.59 
9360 3.0551 3.2693 1.07 11.19 
9540 3.0440 3.3145 1.09 11.38 
9720 3.0669 3.1237 1.02 10.65 
9900 3.2134 3.2860 1.02 10.69 
10080 3.2293 3.2816 1.02 10.62 
10260 3.1114 3.3135 1.06 11.13 
10440 3.1402 3.0816 0.98 10.26 
10620 3.1748 3.2402 1.02 10.67 
10800 3.0812 3.2025 1.04 10.87 
10980 3.2364 3.1695 0.98 10.24 
11160 3.1396 3.0211 0.96 10.06 
11340 3.2628 3.0902 0.95 9.90 
11520 3.1126 2.8880 0.93 9.70 
11700 2.9997 2.8735 0.96 10.01 
11880 3.0798 2.7656 0.90 9.39 
12060 3.0191 2.9259 0.97 10.13 
12240 3.0137 2.7291 0.91 9.47 
12420 3.0922 2.7624 0.89 9.34 
12600 3.0848 2.7311 0.89 9.26 
12780 3.0465 2.5923 0.85 8.90 
12960 3.0891 2.6148 0.85 8.85 
13140 3.1630 2.6379 0.83 8.72 
13320 3.2219 2.6221 0.81 8.51 
13500 3.0762 2.5285 0.82 8.59 
13680 3.2045 2.4211 0.76 7.90 
13860 3.1321 2.4892 0.79 8.31 
14040 3.1372 2.5499 0.81 8.50 
14220 3.1373 2.3851 0.76 7.95 
14400 3.1992 2.3499 0.73 7.68 
           
416 
14580 3.0271 2.3853 0.79 8.24 
14760 3.2397 2.4489 0.76 7.90 
14940 3.0789 2.1810 0.71 7.41 
15120 3.1197 2.2514 0.72 7.54 
15300 3.2168 2.1938 0.68 7.13 
15480 3.0722 2.1816 0.71 7.42 
15660 3.0716 2.0612 0.67 7.02 
15840 2.9171 1.9515 0.67 6.99 
16020 3.1422 1.9983 0.64 6.65 
16200 3.1728 2.0005 0.63 6.59 
16380 3.0563 2.2022 0.72 7.53 
16560 3.1115 2.0303 0.65 6.82 
16740 3.1010 1.8977 0.61 6.40 
16920 3.1267 2.0306 0.65 6.79 
17100 3.1313 1.9327 0.62 6.45 
17280 3.0335 1.9528 0.64 6.73 
17460 3.1182 1.8517 0.59 6.21 
17640 3.0245 1.7666 0.58 6.11 
17820 3.1202 1.8123 0.58 6.07 
18000 3.1800 1.7778 0.56 5.84 
18180 3.1015 1.7351 0.56 5.85 
18360 2.9867 1.6928 0.57 5.93 
18540 3.1561 1.5983 0.51 5.29 
18720 3.1710 1.5536 0.49 5.12 
18900 3.1808 1.5283 0.48 5.02 
19080 3.2014 1.6309 0.51 5.33 
19260 3.1400 1.7057 0.54 5.68 
19440 3.2278 1.5821 0.49 5.12 
19620 3.0756 1.6464 0.54 5.60 
19800 3.1139 1.6966 0.54 5.70 
19980 3.0728 1.5478 0.50 5.27 
20160 3.0992 1.4542 0.47 4.91 
20340 3.0152 1.5321 0.51 5.31 
20520 2.9773 1.4700 0.49 5.16 
20700 3.1145 1.3635 0.44 4.58 
20880 3.1000 1.2537 0.40 4.23 
21060 3.1487 1.3221 0.42 4.39 
21240 3.0770 1.3489 0.44 4.58 
21420 3.2310 1.4405 0.45 4.66 
21600 2.9980 1.4285 0.48 4.98 
21780 3.1627 1.2594 0.40 4.16 
21960 3.2150 1.3131 0.41 4.27 
22140 3.0957 1.3628 0.44 4.60 
22320 3.1532 1.1683 0.37 3.87 
22500 3.1963 1.2923 0.40 4.23 
22680 2.9432 1.2744 0.43 4.53 
22860 3.1595 1.1242 0.36 3.72 
23040 3.3158 1.0505 0.32 3.31 
23220 3.0660 1.1622 0.38 3.96 
           
417 
23400 3.0964 1.1585 0.37 3.91 
23580 3.1365 1.0231 0.33 3.41 
23760 3.0799 1.0491 0.34 3.56 
23940 3.1190 0.9621 0.31 3.22 
24120 3.1569 0.9466 0.30 3.13 
24300 3.0899 0.9398 0.30 3.18 
24480 3.1356 1.0017 0.32 3.34 
24660 3.1297 0.7676 0.25 2.56 
24840 3.2091 0.9246 0.29 3.01 
25020 3.1104 0.9920 0.32 3.33 
25200 3.2092 0.9550 0.30 3.11 
25380 3.1023 0.8931 0.29 3.01 
25560 3.3049 1.0058 0.30 3.18 
25740 3.1814 0.9123 0.29 3.00 
25920 3.0691 0.9144 0.30 3.11 
26100 3.2081 0.8171 0.25 2.66 
26280 3.0751 0.8422 0.27 2.86 
26460 3.1442 0.7614 0.24 2.53 
26640 3.0586 0.6568 0.21 2.24 
26820 3.2133 0.6709 0.21 2.18 
27000 3.1272 0.7892 0.25 2.64 
27180 3.0925 0.7781 0.25 2.63 
27360 3.0367 0.7590 0.25 2.61 
27540 3.0747 0.7815 0.25 2.66 
27720 3.2813 0.6929 0.21 2.21 
27900 3.2584 0.5661 0.17 1.82 
28080 3.1405 0.7980 0.25 2.66 
28260 3.2343 0.6219 0.19 2.01 
28440 3.0516 0.6920 0.23 2.37 
28620 3.2394 0.7004 0.22 2.26 
28800 3.2521 0.5576 0.17 1.79 
28980 3.0563 0.6268 0.21 2.14 
29160 3.1746 0.6311 0.20 2.08 
29340 3.0302 0.5487 0.18 1.89 
29520 3.0492 0.5438 0.18 1.86 
29700 3.1399 0.3869 0.12 1.29 
29880 3.2518 0.4447 0.14 1.43 
30060 3.2053 0.4440 0.14 1.45 
           
418 
 
kobs = 7.48 x 10-5 ± 8.8 x 10-6 s-1 
 
Transmetalation of Arylpalladium Silanolate Complex 94 
Following General Procedure XV, a mixture of 83 (10.9 mg, 0.0234 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+51– (5.7 mg, 0.0222 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (6.3 mg, 0.0246 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 8.39 x 10-5 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.9764 8.1208 2.73 29.23 
180 2.7477 7.6721 2.79 29.92 
360 2.3848 7.4200 3.11 33.34 
540 2.7257 7.6735 2.82 30.16 
720 3.1145 7.2710 2.33 25.01 
900 2.8218 7.3981 2.62 28.09 
1080 3.0044 7.2221 2.40 25.76 
1260 2.9659 7.2961 2.46 26.36 
1440 2.9269 7.1376 2.44 26.13 
1620 2.8467 7.0159 2.46 26.41 
1800 2.6612 6.7587 2.54 27.21 
1980 2.5414 6.9566 2.74 29.33 
2160 2.8278 6.7674 2.39 25.64 
2340 2.8328 6.8618 2.42 25.95 
2520 2.9005 6.6148 2.28 24.44 
           
419 
2700 2.8071 6.7008 2.39 25.58 
2880 2.9017 6.4153 2.21 23.69 
3060 2.6993 5.9920 2.22 23.78 
3240 2.7909 6.0423 2.17 23.20 
3420 2.7411 5.9504 2.17 23.26 
3600 2.7100 5.8898 2.17 23.29 
3780 3.1251 6.1280 1.96 21.01 
3960 3.0659 5.7908 1.89 20.24 
4140 3.0786 6.0093 1.95 20.91 
4320 3.1386 5.8079 1.85 19.83 
4500 2.6704 5.4875 2.05 22.02 
4680 3.0545 5.6529 1.85 19.83 
4860 2.8950 5.3041 1.83 19.63 
5040 2.9496 5.4687 1.85 19.86 
5220 2.8059 5.3214 1.90 20.32 
5400 2.9306 5.2188 1.78 19.08 
5580 2.6222 5.1495 1.96 21.04 
5760 3.0147 5.1600 1.71 18.34 
5940 3.2286 5.3263 1.65 17.68 
6120 2.8032 4.6365 1.65 17.72 
6300 3.0598 5.1004 1.67 17.86 
6480 2.8909 4.6238 1.60 17.14 
6660 2.7312 4.4807 1.64 17.58 
6840 2.8868 4.6838 1.62 17.38 
7020 2.8883 4.6157 1.60 17.12 
7200 2.8577 4.3296 1.52 16.23 
7380 2.7071 4.5857 1.69 18.15 
7560 2.9096 4.3836 1.51 16.14 
7740 2.9390 4.2487 1.45 15.49 
7920 2.8081 3.9343 1.40 15.01 
8100 2.7232 4.2253 1.55 16.62 
8280 2.9193 4.2155 1.44 15.47 
8460 3.1448 4.0756 1.30 13.89 
8640 2.9087 4.1750 1.44 15.38 
8820 2.6932 4.1255 1.53 16.41 
9000 2.9286 3.9515 1.35 14.46 
9180 3.0200 3.8955 1.29 13.82 
9360 3.0427 3.8450 1.26 13.54 
9540 2.6029 3.5483 1.36 14.61 
9720 2.6012 3.7201 1.43 15.32 
9900 2.4752 3.4840 1.41 15.08 
10080 2.9283 3.6499 1.25 13.35 
10260 3.0757 3.7443 1.22 13.04 
10440 2.7801 3.3655 1.21 12.97 
10620 3.0626 3.3587 1.10 11.75 
10800 2.6042 3.0875 1.19 12.70 
10980 2.6075 3.3014 1.27 13.57 
11160 2.7890 3.5001 1.25 13.45 
11340 2.8773 3.2257 1.12 12.01 
           
420 
11520 2.9970 3.2381 1.08 11.58 
11700 2.7295 2.9646 1.09 11.64 
11880 3.0342 3.2113 1.06 11.34 
12060 2.7752 2.8441 1.02 10.98 
12240 2.9093 2.9988 1.03 11.04 
12420 3.1070 3.0517 0.98 10.52 
12600 2.9985 2.9913 1.00 10.69 
12780 2.6022 2.9084 1.12 11.98 
12960 2.6797 2.6342 0.98 10.53 
13140 2.7101 2.6431 0.98 10.45 
13320 2.9217 2.6467 0.91 9.71 
13500 2.7650 2.4284 0.88 9.41 
13680 2.7007 2.5784 0.95 10.23 
13860 2.7029 2.6732 0.99 10.60 
14040 2.4452 2.4324 0.99 10.66 
14220 2.7760 2.5873 0.93 9.99 
14400 3.0202 2.5652 0.85 9.10 
14580 3.1587 2.2989 0.73 7.80 
14760 3.1628 2.5576 0.81 8.66 
14940 2.4996 1.7903 0.72 7.67 
15120 2.5319 1.8328 0.72 7.76 
15300 2.9720 2.0101 0.68 7.25 
15480 3.0129 2.2886 0.76 8.14 
15660 2.6714 2.0429 0.76 8.19 
15840 2.8625 2.3181 0.81 8.68 
16020 2.7182 1.9590 0.72 7.72 
16200 2.9977 2.0722 0.69 7.41 
16380 3.2068 2.2635 0.71 7.56 
16560 2.7280 1.8262 0.67 7.17 
16740 2.8230 1.9021 0.67 7.22 
16920 2.6575 1.9303 0.73 7.78 
17100 2.9127 2.0565 0.71 7.56 
17280 2.6644 1.7850 0.67 7.18 
17460 2.8160 1.7593 0.62 6.69 
17640 2.8076 1.7124 0.61 6.53 
17820 2.8598 1.6590 0.58 6.22 
18000 2.7655 1.8041 0.65 6.99 
18180 2.7641 1.6673 0.60 6.46 
18360 2.3771 1.3955 0.59 6.29 
18540 2.7779 1.5785 0.57 6.09 
18720 2.6766 1.5154 0.57 6.07 
18900 2.6811 1.3480 0.50 5.39 
19080 3.1753 1.6400 0.52 5.53 
19260 2.8339 1.6733 0.59 6.33 
19440 2.7674 1.4893 0.54 5.77 
19620 3.1467 1.5641 0.50 5.33 
19800 3.0731 1.5629 0.51 5.45 
19980 2.7485 1.1748 0.43 4.58 
20160 3.1756 1.4820 0.47 5.00 
           
421 
20340 2.8990 1.4288 0.49 5.28 
20520 2.9103 1.3100 0.45 4.82 
20700 2.6143 1.1494 0.44 4.71 
20880 3.0838 1.3645 0.44 4.74 
21060 2.9764 1.3758 0.46 4.95 
21240 2.9709 1.5391 0.52 5.55 
21420 3.0285 1.3697 0.45 4.85 
 
 
Transmetalation of Arylpalladium Silanolate Complex 94 
Following General Procedure XV, a mixture of 83 (11.2 mg, 0.0240 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+51– (5.9 mg, 0.0228 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (6.5 mg, 0.0252 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 8.28 x 10-5 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.8884 8.5566 2.96 30.02 
180 3.2077 8.4670 2.64 26.75 
360 3.0449 8.4258 2.77 28.05 
540 3.1508 7.8168 2.48 25.14 
720 3.5445 8.1361 2.30 23.26 
900 3.2701 8.1983 2.51 25.41 
1080 3.2349 7.8798 2.44 24.69 
1260 3.5668 7.7720 2.18 22.08 
1440 2.9789 7.5834 2.55 25.80 
1620 3.1054 7.5984 2.45 24.80 
1800 3.4071 7.5791 2.22 22.55 
           
422 
1980 2.9249 7.4327 2.54 25.76 
2160 3.5770 7.4110 2.07 21.00 
2340 3.2203 7.1728 2.23 22.57 
2520 3.3922 7.1853 2.12 21.47 
2700 3.3294 6.8434 2.06 20.83 
2880 3.3114 6.9714 2.11 21.34 
3060 3.1402 6.5332 2.08 21.09 
3240 3.2766 6.4367 1.96 19.91 
3420 3.4729 6.5186 1.88 19.02 
3600 2.9033 6.2745 2.16 21.90 
3780 3.3458 6.5494 1.96 19.84 
3960 3.0994 6.1100 1.97 19.98 
4140 3.1513 6.0795 1.93 19.55 
4320 3.4290 6.5084 1.90 19.24 
4500 3.2381 5.9970 1.85 18.77 
4680 3.1228 5.8263 1.87 18.91 
4860 3.0944 6.0588 1.96 19.84 
5040 3.1239 6.0939 1.95 19.77 
5220 3.0873 5.6335 1.82 18.49 
5400 3.4415 5.7923 1.68 17.06 
5580 3.2553 5.4347 1.67 16.92 
5760 3.2227 5.6620 1.76 17.81 
5940 3.4066 5.4969 1.61 16.35 
6120 2.9143 5.3894 1.85 18.74 
6300 3.0410 5.0603 1.66 16.87 
6480 3.0338 5.0312 1.66 16.81 
6660 3.1492 4.9614 1.58 15.97 
6840 3.0519 4.8168 1.58 16.00 
7020 3.0178 4.8632 1.61 16.33 
7200 3.3918 4.9506 1.46 14.79 
7380 2.8608 4.7063 1.65 16.67 
7560 3.1538 4.6935 1.49 15.08 
7740 3.0868 4.3656 1.41 14.33 
7920 3.0268 4.4714 1.48 14.97 
8100 3.0469 4.1877 1.37 13.93 
8280 3.7923 4.6797 1.23 12.51 
8460 2.7982 4.3984 1.57 15.93 
8640 3.1673 4.2269 1.33 13.53 
8820 3.6758 4.5796 1.25 12.63 
9000 3.2512 4.1521 1.28 12.94 
9180 3.0560 4.1247 1.35 13.68 
9360 3.0835 4.0078 1.30 13.17 
9540 3.3956 3.8649 1.14 11.54 
9720 3.0746 3.8271 1.24 12.62 
9900 3.0380 3.7276 1.23 12.44 
10080 2.9152 3.9155 1.34 13.61 
10260 2.9797 3.8930 1.31 13.24 
10440 3.1117 3.7771 1.21 12.30 
10620 3.2998 3.7502 1.14 11.52 
           
423 
10800 3.3533 3.7256 1.11 11.26 
10980 3.3054 3.4469 1.04 10.57 
11160 3.4182 3.6486 1.07 10.82 
11340 2.9585 3.1957 1.08 10.95 
11520 2.8189 3.4048 1.21 12.24 
11700 2.8003 3.3274 1.19 12.04 
11880 2.8370 2.8856 1.02 10.31 
12060 3.3893 3.2705 0.96 9.78 
12240 3.1642 3.0211 0.95 9.68 
12420 3.1394 2.9346 0.93 9.47 
12600 3.1831 3.1161 0.98 9.92 
12780 3.3295 2.9097 0.87 8.86 
12960 3.2407 3.0285 0.93 9.47 
13140 3.3232 3.1580 0.95 9.63 
13320 3.3430 3.1757 0.95 9.63 
13500 3.1266 2.6988 0.86 8.75 
13680 3.1660 2.8028 0.89 8.97 
13860 2.8470 2.7473 0.96 9.78 
14040 3.6081 2.7288 0.76 7.67 
14220 3.0757 2.4713 0.80 8.14 
14400 3.2220 2.8693 0.89 9.03 
14580 3.1921 2.8211 0.88 8.96 
14760 3.2297 2.4790 0.77 7.78 
14940 3.0821 2.5679 0.83 8.44 
15120 3.5248 2.4607 0.70 7.08 
15300 2.7213 2.2745 0.84 8.47 
15480 3.1721 2.2777 0.72 7.28 
15660 3.1860 2.4984 0.78 7.95 
15840 3.1484 2.3377 0.74 7.53 
16020 3.2470 2.2953 0.71 7.16 
16200 3.2188 2.1042 0.65 6.63 
16380 3.4709 2.4909 0.72 7.27 
16560 3.2026 2.2380 0.70 7.08 
16740 2.9721 2.0609 0.69 7.03 
16920 3.2422 2.1851 0.67 6.83 
17100 3.3788 1.9453 0.58 5.83 
17280 3.3579 2.3709 0.71 7.16 
17460 3.0052 1.9982 0.66 6.74 
17640 2.8451 1.8232 0.64 6.49 
17820 3.3738 1.8409 0.55 5.53 
18000 3.1483 1.5853 0.50 5.10 
18180 3.0100 1.5441 0.51 5.20 
18360 3.0728 1.8800 0.61 6.20 
18540 3.4376 1.9897 0.58 5.87 
18720 3.8465 2.0089 0.52 5.29 
18900 3.2372 1.8772 0.58 5.88 
19080 3.0322 1.5273 0.50 5.10 
19260 3.2688 1.7930 0.55 5.56 
19440 3.0016 1.6489 0.55 5.57 
           
424 
19620 3.4420 1.9566 0.57 5.76 
19800 2.8001 1.4611 0.52 5.29 
19980 3.1683 1.5901 0.50 5.09 
20160 3.1194 1.5448 0.50 5.02 
20340 3.5153 1.6915 0.48 4.88 
20520 2.8432 1.2481 0.44 4.45 
20700 3.0028 1.3423 0.45 4.53 
20880 3.1168 1.2874 0.41 4.19 
21060 3.2896 1.3872 0.42 4.27 
21240 3.2103 1.2563 0.39 3.97 
21420 3.0267 1.3296 0.44 4.45 
21600 3.4609 1.2343 0.36 3.61 
21780 3.2870 1.4409 0.44 4.44 
21960 3.2211 1.4199 0.44 4.47 
22140 2.9276 1.1970 0.41 4.14 
22320 3.2178 1.5403 0.48 4.85 
22500 3.3939 1.4051 0.41 4.20 
22680 3.0169 1.2576 0.42 4.22 
22860 3.1253 1.3020 0.42 4.22 
23040 3.4605 1.1681 0.34 3.42 
23220 2.9979 1.2285 0.41 4.15 
23400 3.3031 1.0314 0.31 3.16 
23580 3.1627 1.1324 0.36 3.63 
23760 3.3613 1.0044 0.30 3.03 
23940 3.5474 0.9975 0.28 2.85 
24120 2.9418 0.9053 0.31 3.12 
24300 3.6108 1.3027 0.36 3.66 
24480 3.2386 1.1327 0.35 3.54 
24660 3.4724 0.8573 0.25 2.50 
24840 3.5438 1.0501 0.30 3.00 
25020 3.1594 0.9079 0.29 2.91 
 
kobs = 8.34 x 10-5 ± 7.8 x 10-7 s-1 
 
           
425 
Transmetalation of Arylpalladium Silanolate Complex 91  
Following General Procedure XV, a mixture of 68 (9.9 mg, 0.0205 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+51– (5.0 mg, 0.0194 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (5.6 mg, 0.0215 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 9.15 x 10-5 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.0917 7.0890 2.29 25.66 
180 3.0474 7.0661 2.32 25.95 
360 3.0439 6.9564 2.29 25.57 
540 3.0400 6.8862 2.27 25.35 
720 3.1905 7.0552 2.21 24.74 
900 3.0975 6.9690 2.25 25.18 
1080 3.0276 6.8321 2.26 25.25 
1260 3.2362 6.8173 2.11 23.57 
1440 3.1759 6.8068 2.14 23.98 
1620 3.0813 6.6278 2.15 24.07 
1800 3.0157 6.5651 2.18 24.36 
1980 3.1082 6.3295 2.04 22.79 
2160 3.2156 6.4590 2.01 22.48 
2340 3.0399 6.2713 2.06 23.08 
2520 3.2061 6.2652 1.95 21.87 
2700 3.1467 6.1909 1.97 22.02 
2880 3.0077 5.8603 1.95 21.80 
3060 3.1556 5.9081 1.87 20.95 
3240 3.1048 5.7970 1.87 20.89 
3420 3.0669 5.6054 1.83 20.45 
3600 2.9556 5.4902 1.86 20.79 
3780 2.9723 5.6623 1.91 21.32 
3960 3.1691 5.4134 1.71 19.11 
4140 3.2308 5.3772 1.66 18.62 
4320 3.1328 5.3851 1.72 19.23 
4500 3.0734 5.1204 1.67 18.64 
4680 2.9607 5.0065 1.69 18.92 
4860 3.1248 5.1142 1.64 18.31 
5040 3.0523 4.9880 1.63 18.29 
5220 3.0739 4.7178 1.53 17.17 
5400 3.1222 4.5832 1.47 16.43 
5580 2.9489 4.4703 1.52 16.96 
           
426 
5760 3.1759 4.6361 1.46 16.33 
5940 3.1053 4.4229 1.42 15.94 
6120 3.0351 4.2842 1.41 15.80 
6300 3.0227 4.3320 1.43 16.04 
6480 3.2206 4.2623 1.32 14.81 
6660 3.2239 4.1664 1.29 14.46 
6840 3.1918 4.1595 1.30 14.58 
7020 3.0788 3.9756 1.29 14.45 
7200 3.2678 4.0370 1.24 13.82 
7380 3.0451 3.9340 1.29 14.46 
7560 3.1627 3.7388 1.18 13.23 
7740 3.1608 3.7847 1.20 13.40 
7920 3.1214 3.6621 1.17 13.13 
8100 3.1671 3.4297 1.08 12.12 
8280 2.9860 3.5820 1.20 13.42 
8460 3.1192 3.4071 1.09 12.22 
8640 3.3604 3.4526 1.03 11.50 
8820 2.9797 3.1891 1.07 11.98 
9000 3.0250 3.2412 1.07 11.99 
9180 3.2302 3.2485 1.01 11.25 
9360 3.0144 2.9526 0.98 10.96 
9540 3.1011 2.9497 0.95 10.64 
9720 2.9933 2.8802 0.96 10.77 
9900 3.1141 3.0044 0.96 10.80 
10080 3.0468 2.9291 0.96 10.76 
10260 3.2472 2.9070 0.90 10.02 
10440 3.1240 2.8121 0.90 10.07 
10620 3.0530 2.7219 0.89 9.98 
10800 3.2196 2.6470 0.82 9.20 
10980 3.2617 2.6295 0.81 9.02 
11160 3.1781 2.6141 0.82 9.20 
11340 3.2424 2.8088 0.87 9.69 
11520 3.0790 2.3293 0.76 8.47 
11700 3.0463 2.3902 0.78 8.78 
11880 3.0529 2.4355 0.80 8.93 
12060 3.0889 2.1393 0.69 7.75 
12240 3.0978 2.1524 0.69 7.78 
12420 3.1840 2.3117 0.73 8.12 
12600 3.1284 2.2148 0.71 7.92 
12780 3.1170 2.1966 0.70 7.89 
12960 3.0206 2.1330 0.71 7.90 
13140 3.1917 2.0715 0.65 7.26 
13320 3.1677 2.1276 0.67 7.52 
13500 3.0838 1.8975 0.62 6.89 
13680 3.2419 2.1592 0.67 7.45 
13860 3.0341 1.9927 0.66 7.35 
14040 3.0748 1.9231 0.63 7.00 
14220 3.2216 1.8621 0.58 6.47 
14400 3.2642 1.8302 0.56 6.27 
           
427 
14580 3.0164 1.6911 0.56 6.27 
14760 3.1134 1.6166 0.52 5.81 
14940 3.1539 1.7100 0.54 6.07 
15120 3.2215 1.5459 0.48 5.37 
15300 3.0736 1.5221 0.50 5.54 
15480 3.1493 1.6180 0.51 5.75 
15660 3.1612 1.6814 0.53 5.95 
15840 3.1857 1.4834 0.47 5.21 
16020 3.1406 1.5023 0.48 5.35 
16200 3.2662 1.4819 0.45 5.08 
16380 3.1788 1.5325 0.48 5.39 
16560 3.1897 1.4793 0.46 5.19 
16740 3.1624 1.3568 0.43 4.80 
16920 3.0714 1.2618 0.41 4.60 
17100 3.0749 1.1931 0.39 4.34 
17280 3.1138 1.4448 0.46 5.19 
17460 3.1903 1.3476 0.42 4.73 
17640 3.0595 1.2314 0.40 4.50 
17820 3.3412 1.3626 0.41 4.56 
18000 3.1536 1.1963 0.38 4.24 
18180 3.1102 1.2564 0.40 4.52 
18360 3.1171 1.0752 0.34 3.86 
18540 3.0418 1.0349 0.34 3.81 
18720 3.0280 1.1155 0.37 4.12 
18900 3.1002 0.9350 0.30 3.37 
19080 3.1371 0.9845 0.31 3.51 
19260 3.2698 1.1330 0.35 3.88 
19440 3.2500 1.0188 0.31 3.51 
19620 3.3141 1.0414 0.31 3.52 
19800 3.1014 0.9005 0.29 3.25 
19980 3.3258 0.8438 0.25 2.84 
20160 3.1121 0.7026 0.23 2.53 
20340 3.0816 0.8532 0.28 3.10 
20520 3.0593 0.7695 0.25 2.81 
20700 3.0206 0.8617 0.29 3.19 
20880 3.1850 0.8914 0.28 3.13 
21060 3.1035 0.8495 0.27 3.06 
21240 3.0650 0.7981 0.26 2.91 
21420 3.0520 0.6300 0.21 2.31 
21600 3.1893 0.7196 0.23 2.52 
21780 3.1867 0.8515 0.27 2.99 
21960 3.1820 0.7682 0.24 2.70 
           
428 
 
 
Transmetalation of Arylpalladium Silanolate Complex 91  
Following General Procedure XV, a mixture of 68 (9.9 mg, 0.0205 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+51– (5.0 mg, 0.0194 mmol, 0.98 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (5.6 mg, 0.0215 mmol, 
1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 9.15 x 10-5 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.6573 5.4623 2.06 25.57 
180 2.7523 5.6731 2.06 25.64 
360 2.7655 5.4335 1.96 24.44 
540 2.7528 5.4497 1.98 24.63 
720 2.7173 5.4338 2.00 24.87 
900 2.7327 5.4894 2.01 24.99 
1080 2.7382 5.2584 1.92 23.89 
1260 2.7144 5.1249 1.89 23.49 
1440 2.8202 5.4118 1.92 23.87 
1620 2.5799 5.2408 2.03 25.27 
1800 2.6340 5.0674 1.92 23.93 
1980 2.6406 4.9422 1.87 23.28 
2160 2.6206 4.8451 1.85 23.00 
2340 2.7003 4.7308 1.75 21.79 
2520 2.6284 4.9013 1.86 23.20 
2700 2.7891 4.7766 1.71 21.30 
2880 2.7078 4.6674 1.72 21.44 
           
429 
3060 2.5622 4.6448 1.81 22.55 
3240 2.8362 4.6109 1.63 20.22 
3420 2.7474 4.4747 1.63 20.26 
3600 2.8426 4.4315 1.56 19.39 
3780 2.7538 4.2516 1.54 19.21 
3960 2.7068 4.2663 1.58 19.61 
4140 2.8720 4.4143 1.54 19.12 
4320 2.6493 4.2275 1.60 19.85 
4500 2.6202 4.0636 1.55 19.29 
4680 2.6080 4.0161 1.54 19.16 
4860 2.7734 4.0375 1.46 18.11 
5040 2.7537 4.0946 1.49 18.50 
5220 2.6127 3.8510 1.47 18.34 
5400 2.7181 3.8671 1.42 17.70 
5580 2.7513 3.8078 1.38 17.22 
5760 2.7836 3.8010 1.37 16.99 
5940 2.8180 3.7610 1.33 16.60 
6120 2.6543 3.5317 1.33 16.55 
6300 2.8582 3.5522 1.24 15.46 
6480 2.8356 3.6131 1.27 15.85 
6660 2.7740 3.5161 1.27 15.77 
6840 2.8976 3.5412 1.22 15.20 
7020 2.9808 3.4296 1.15 14.31 
7200 2.6187 3.1021 1.18 14.74 
7380 2.7066 3.1516 1.16 14.48 
7560 2.8424 3.0594 1.08 13.39 
7740 2.7301 3.0261 1.11 13.79 
7920 2.8658 3.1762 1.11 13.79 
8100 2.8646 2.9874 1.04 12.97 
8280 2.7696 2.8602 1.03 12.85 
8460 2.8227 2.8373 1.01 12.50 
8640 2.7874 2.9767 1.07 13.28 
8820 2.8089 2.8652 1.02 12.69 
9000 2.7458 2.7931 1.02 12.65 
9180 2.8038 2.6148 0.93 11.60 
9360 2.8437 2.7099 0.95 11.85 
9540 2.8663 2.6087 0.91 11.32 
9720 2.7677 2.5004 0.90 11.24 
9900 2.7878 2.5951 0.93 11.58 
10080 2.9055 2.5003 0.86 10.70 
10260 2.8871 2.4476 0.85 10.55 
10440 2.6561 2.4357 0.92 11.41 
10620 2.7867 2.3794 0.85 10.62 
10800 2.8197 2.3242 0.82 10.25 
10980 2.8690 2.3315 0.81 10.11 
11160 2.8040 2.2955 0.82 10.18 
11340 2.7699 2.1351 0.77 9.59 
11520 2.9132 2.2592 0.78 9.65 
11700 2.8046 2.1180 0.76 9.39 
           
430 
11880 2.8609 2.1359 0.75 9.29 
12060 2.9291 2.2404 0.76 9.51 
12240 2.9436 2.2585 0.77 9.54 
12420 2.8000 2.0871 0.75 9.27 
12600 2.9405 2.1285 0.72 9.00 
12780 2.8115 1.8752 0.67 8.30 
12960 2.8569 1.9643 0.69 8.55 
13140 2.9230 1.8584 0.64 7.91 
13320 2.7918 1.8026 0.65 8.03 
13500 2.8650 1.7977 0.63 7.81 
13680 2.7561 1.6968 0.62 7.66 
13860 2.7103 1.7581 0.65 8.07 
14040 2.6932 1.5034 0.56 6.94 
14220 2.8478 1.7394 0.61 7.60 
14400 2.8106 1.7017 0.61 7.53 
14580 2.9614 1.7314 0.58 7.27 
14760 2.8727 1.7938 0.62 7.77 
14940 2.8392 1.5963 0.56 6.99 
15120 2.7976 1.5111 0.54 6.72 
15300 2.7269 1.4448 0.53 6.59 
15480 2.7762 1.5694 0.57 7.03 
15660 2.8370 1.4614 0.52 6.41 
15840 2.8902 1.4925 0.52 6.42 
16020 2.7537 1.4998 0.54 6.78 
16200 2.7317 1.3601 0.50 6.19 
16380 2.8446 1.3057 0.46 5.71 
16560 2.7731 1.3888 0.50 6.23 
16740 2.8948 1.2804 0.44 5.50 
16920 2.7728 1.2900 0.47 5.79 
17100 2.9617 1.5310 0.52 6.43 
17280 2.7421 1.1255 0.41 5.11 
17460 2.6566 1.0275 0.39 4.81 
17640 2.8232 1.2794 0.45 5.64 
17820 2.7350 1.1517 0.42 5.24 
18000 2.8844 1.2861 0.45 5.55 
18180 2.9506 1.1228 0.38 4.73 
18360 2.8200 1.0082 0.36 4.45 
18540 2.8614 1.0064 0.35 4.38 
18720 2.9192 1.0449 0.36 4.45 
18900 2.8513 1.0658 0.37 4.65 
19080 2.7621 1.1533 0.42 5.19 
19260 2.7720 0.9501 0.34 4.26 
19440 2.8494 0.9386 0.33 4.10 
19620 2.6606 0.7853 0.30 3.67 
19800 2.8309 0.8915 0.31 3.92 
19980 2.6728 0.8582 0.32 3.99 
20160 2.7022 0.7942 0.29 3.66 
20340 2.9397 0.9168 0.31 3.88 
20520 2.9310 0.9175 0.31 3.89 
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20700 2.7740 0.8910 0.32 4.00 
20880 2.8632 0.9064 0.32 3.94 
21060 2.8936 0.8202 0.28 3.53 
21240 2.7490 0.7187 0.26 3.25 
21420 2.6819 0.8470 0.32 3.93 
21600 2.9208 0.8732 0.30 3.72 
21780 2.7624 0.7470 0.27 3.36 
21960 2.9783 0.8039 0.27 3.36 
22140 2.6729 0.7071 0.26 3.29 
22320 2.9200 0.7431 0.25 3.17 
22500 2.8839 0.6883 0.24 2.97 
22680 2.7906 0.6352 0.23 2.83 
22860 2.7137 0.6697 0.25 3.07 
23040 2.9406 0.7084 0.24 3.00 
23220 3.0003 0.8430 0.28 3.50 
23400 2.8627 0.5002 0.17 2.17 
23580 2.9579 0.5751 0.19 2.42 
23760 2.8443 0.5651 0.20 2.47 
23940 2.8762 0.4912 0.17 2.12 
24120 2.7282 0.5027 0.18 2.29 
24300 2.9810 0.5876 0.20 2.45 
24480 2.8465 0.4295 0.15 1.88 
24660 2.8743 0.5000 0.17 2.16 
24840 2.7662 0.4125 0.15 1.86 
25020 2.7754 0.3680 0.13 1.65 
 
kobs = 9.18 x 10-5 ± 3.5 x 10-7 s-1 
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Transmetalation of Arylpalladium Silanolate Complex 89 
Following General Procedure XV, a mixture of 84 (10.8 mg, 0.0202 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+51– (4.9 mg, 0.0192 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (5.5 mg, 0.0212 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.83 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.1576 6.7608 2.14 25.26 
180 3.0851 6.3095 2.05 24.13 
360 3.2871 6.2246 1.89 22.34 
540 3.1737 5.8662 1.85 21.81 
720 3.0991 5.6412 1.82 21.48 
900 3.2352 5.4176 1.67 19.76 
1080 3.1996 5.5343 1.73 20.41 
1260 3.2018 5.4301 1.70 20.01 
1440 3.3184 5.3559 1.61 19.04 
1620 3.1249 5.1282 1.64 19.36 
1800 3.1381 5.0612 1.61 19.03 
1980 3.2291 4.9354 1.53 18.03 
2160 3.3441 4.8480 1.45 17.11 
2340 3.1705 4.7529 1.50 17.69 
2520 3.3003 4.5391 1.38 16.23 
2700 3.2177 4.4000 1.37 16.13 
2880 3.1753 4.1879 1.32 15.56 
3060 3.2760 4.1773 1.28 15.05 
3240 3.2516 3.9429 1.21 14.31 
3420 3.2716 4.1317 1.26 14.90 
3600 3.1725 3.7912 1.20 14.10 
3780 3.3506 3.5073 1.05 12.35 
3960 3.2597 3.5291 1.08 12.77 
4140 3.2377 3.3612 1.04 12.25 
4320 3.0752 3.1803 1.03 12.20 
4500 3.3549 3.2446 0.97 11.41 
4680 3.1893 3.1019 0.97 11.48 
4860 3.4147 3.1085 0.91 10.74 
5040 3.2938 2.8167 0.86 10.09 
5220 3.2840 2.7603 0.84 9.92 
5400 3.3942 2.8488 0.84 9.90 
5580 3.2686 2.6435 0.81 9.54 
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5760 3.3547 2.4767 0.74 8.71 
5940 3.2475 2.4033 0.74 8.73 
6120 3.1810 2.1554 0.68 7.99 
6300 3.1348 2.2433 0.72 8.44 
6480 3.1848 1.9957 0.63 7.39 
6660 3.4218 2.0648 0.60 7.12 
6840 3.1861 1.9446 0.61 7.20 
7020 3.3611 1.9068 0.57 6.69 
7200 3.2761 1.7213 0.53 6.20 
7380 3.3818 1.7737 0.52 6.19 
7560 3.1361 1.4793 0.47 5.57 
7740 3.2900 1.5064 0.46 5.40 
7920 3.2236 1.2699 0.39 4.65 
8100 3.1535 1.2466 0.40 4.66 
8280 3.3013 1.1828 0.36 4.23 
8460 3.2894 1.2924 0.39 4.64 
8640 3.2226 1.1591 0.36 4.24 
8820 3.2702 1.0632 0.33 3.84 
9000 3.3346 1.0228 0.31 3.62 
9180 3.3978 0.9609 0.28 3.34 
9360 3.2138 0.9063 0.28 3.33 
9540 3.3786 0.9234 0.27 3.22 
9720 3.3653 0.9492 0.28 3.33 
9900 3.3913 0.7498 0.22 2.61 
10080 3.3765 0.7734 0.23 2.70 
10260 3.3862 0.6945 0.21 2.42 
10440 3.4504 0.7093 0.21 2.43 
10620 3.3063 0.6674 0.20 2.38 
10800 3.4175 0.5116 0.15 1.77 
10980 3.3644 0.5402 0.16 1.89 
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Transmetalation of Arylpalladium Silanolate Complex 89 
Following General Procedure XV, a mixture of 84 (10.8 mg, 0.0202 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+51– (4.9 mg, 0.0192 mmol, 0.98 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (5.5 mg, 0.0212 
mmol, 1.02 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.57 x 10-4 s-1. 
] 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.9678 6.6041 2.23 25.20 
180 2.9467 6.5033 2.21 24.99 
360 2.9769 6.3098 2.12 24.00 
540 3.1922 6.3420 1.99 22.50 
720 2.7839 6.0298 2.17 24.53 
900 2.9727 5.8500 1.97 22.28 
1080 3.0108 5.8791 1.95 22.11 
1260 3.2323 5.9256 1.83 20.76 
1440 3.1295 5.7716 1.84 20.88 
1620 2.9843 5.3970 1.81 20.48 
1800 2.9222 5.2980 1.81 20.53 
1980 3.0239 5.2220 1.73 19.55 
2160 2.8514 4.9689 1.74 19.73 
2340 3.0454 5.0482 1.66 18.77 
2520 3.2219 4.8559 1.51 17.07 
2700 3.1339 4.7653 1.52 17.22 
2880 3.0323 4.7007 1.55 17.55 
3060 2.9645 4.4969 1.52 17.18 
3240 3.0426 4.3292 1.42 16.11 
3420 3.0262 4.0722 1.35 15.24 
3600 3.0419 3.9824 1.31 14.82 
3780 2.9761 3.7993 1.28 14.45 
3960 2.8905 3.8962 1.35 15.26 
4140 3.0436 3.9225 1.29 14.59 
4320 2.9609 3.5930 1.21 13.74 
4500 2.9077 3.5080 1.21 13.66 
4680 3.0729 3.5823 1.17 13.20 
4860 3.1745 3.3830 1.07 12.07 
5040 3.1335 3.1404 1.00 11.35 
5220 3.1303 3.2073 1.02 11.60 
5400 3.1004 3.0465 0.98 11.13 
5580 3.1124 2.9815 0.96 10.85 
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5760 3.1826 2.9594 0.93 10.53 
5940 3.0750 2.7046 0.88 9.96 
6120 3.0581 2.6079 0.85 9.66 
6300 3.1047 2.4305 0.78 8.86 
6480 3.1391 2.5071 0.80 9.04 
6660 3.1121 2.4015 0.77 8.74 
6840 3.0449 2.1218 0.70 7.89 
7020 3.1611 2.1128 0.67 7.57 
7200 3.2949 2.3176 0.70 7.96 
7380 3.2304 2.0660 0.64 7.24 
7560 2.8642 1.8953 0.66 7.49 
7740 3.0948 1.7587 0.57 6.43 
7920 3.0904 1.8402 0.60 6.74 
8100 3.1111 1.8731 0.60 6.82 
8280 3.1746 1.7227 0.54 6.14 
8460 3.3341 1.6567 0.50 5.63 
8640 3.0676 1.4235 0.46 5.25 
8820 3.2861 1.4473 0.44 4.99 
9000 2.9872 1.3701 0.46 5.19 
9180 3.4264 1.5905 0.46 5.26 
9360 3.2755 1.4508 0.44 5.02 
9540 3.1911 1.3887 0.44 4.93 
9720 2.9840 1.1197 0.38 4.25 
9900 3.3538 1.1875 0.35 4.01 
10080 3.1260 1.1635 0.37 4.21 
10260 3.1688 0.9751 0.31 3.48 
10440 3.1930 0.8061 0.25 2.86 
10620 3.2217 0.9823 0.30 3.45 
10800 3.1996 1.0595 0.33 3.75 
10980 3.1181 1.0635 0.34 3.86 
11160 3.2786 0.8623 0.26 2.98 
11340 3.1063 0.7866 0.25 2.87 
11520 3.0863 0.7414 0.24 2.72 
 
kobs = 1.65 x 10-4 ± 1.1 x 10-5 s-1 
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Determination of Saturation Kinetics for Activated Transmetalation of Arylpalladium 
Arylsilanolate Complexes. 
Transmetalation of Arylpalladium Silanolate Complex 92b, 2.0 equiv K+86– (Table 16, 
entry 2) 
Following General Procedure XV, a mixture of 83 (10.5 mg, 0.0225 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+86– (5.6 mg, 0.0214 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+86– (12.1 mg, 0.0461 
mmol, 2.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 3.88 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.4715 7.4146 2.14 28.07 
180 3.3567 6.7622 2.01 21.18 
360 3.6174 6.2999 1.74 18.31 
540 3.6621 6.1182 1.67 17.57 
720 3.5062 5.6123 1.60 16.83 
900 3.3772 5.3638 1.59 16.70 
1080 3.3868 4.9085 1.45 15.24 
1260 3.2779 4.6275 1.41 14.84 
1440 3.5030 4.4402 1.27 13.33 
1620 3.4095 3.9319 1.15 12.12 
1800 3.5008 3.6292 1.04 10.90 
1980 3.4923 3.4723 0.99 10.45 
2160 3.3299 3.0620 0.92 9.67 
2340 3.3221 2.9125 0.88 9.22 
2520 3.4733 2.8712 0.83 8.69 
2700 3.5060 2.4738 0.71 7.42 
2880 3.4104 2.4825 0.73 7.65 
3060 3.4671 2.2403 0.65 6.79 
3240 3.5893 1.8974 0.53 5.56 
3420 3.4490 1.5411 0.45 4.70 
3600 3.3814 1.3796 0.41 4.29 
3780 3.1813 1.3637 0.43 4.51 
3960 3.3718 1.2277 0.36 3.83 
4140 3.5067 1.2569 0.36 3.77 
4320 3.3733 1.1013 0.33 3.43 
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4500 3.3780 0.7965 0.24 2.48 
4680 3.4595 1.0375 0.30 3.15 
4860 3.4697 0.7402 0.21 2.24 
5040 3.3288 0.6020 0.18 1.90 
5220 3.2039 0.3093 0.10 1.01 
5400 3.4806 0.4113 0.12 1.24 
5580 3.5814 0.4286 0.12 1.26 
5760 3.4974 0.3248 0.09 0.98 
5940 3.4635 0.4969 0.14 1.51 
6120 3.4054 0.4603 0.14 1.42 
6300 3.3714 0.1377 0.04 0.43 
6480 3.2340 -0.0291 -0.01 -0.09 
6660 3.2951 0.1484 0.05 0.47 
6840 3.2883 0.0868 0.03 0.28 
7020 3.5378 0.1200 0.03 0.36 
7200 3.5823 0.0911 0.03 0.27 
7380 3.3400 -0.0208 -0.01 -0.07 
7560 3.3855 0.0725 0.02 0.23 
7740 3.4806 -0.0581 -0.02 -0.18 
7920 3.5564 -0.0679 -0.02 -0.20 
 
 
Transmetalation of Arylpalladium Silanolate Complex 92b, 4.0 equiv K+86– (Table 16, 
entry 3) 
Following General Procedure XV, a mixture of 83 (10.3 mg, 0.0221 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+86– (5.5 mg, 0.0210 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+86– (23.5 mg, 0.0895 
mmol, 4.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
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NMR spectroscopy.  kobs = 5.03 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.9278 6.5939 2.25 27.65 
180 3.0472 6.3639 2.09 25.64 
360 2.8305 5.5377 1.96 24.02 
540 2.9526 5.5160 1.87 22.94 
720 3.1462 5.4473 1.73 21.26 
900 3.2084 4.8814 1.52 18.68 
1080 3.1395 4.3428 1.38 16.98 
1260 3.5609 4.1620 1.17 14.35 
1440 3.3040 3.7113 1.12 13.79 
1620 3.3802 3.5402 1.05 12.86 
1800 3.2054 3.1991 1.00 12.25 
1980 3.1827 2.8024 0.88 10.81 
2160 3.3740 2.3658 0.70 8.61 
2340 3.2968 2.2060 0.67 8.22 
2520 3.2448 1.9673 0.61 7.44 
2700 3.4145 2.0496 0.60 7.37 
2880 3.3473 1.5021 0.45 5.51 
3060 3.5180 1.5524 0.44 5.42 
3240 3.2131 1.3171 0.41 5.03 
3420 3.2794 1.0716 0.33 4.01 
3600 3.2043 0.8186 0.26 3.14 
3780 3.2463 1.0544 0.32 3.99 
3960 3.3255 0.7353 0.22 2.71 
4140 3.2822 0.4508 0.14 1.69 
4320 3.4956 0.5112 0.15 1.80 
4500 3.2859 0.2399 0.07 0.90 
4680 3.4587 0.3726 0.11 1.32 
4860 3.3615 0.2216 0.07 0.81 
5040 3.2697 0.3488 0.11 1.31 
5220 3.3719 -0.0354 -0.01 -0.13 
5400 3.3980 0.1373 0.04 0.50 
5580 3.3821 0.0537 0.02 0.19 
5760 3.4418 -0.2088 -0.06 -0.74 
5940 3.4603 0.1601 0.05 0.57 
6120 3.4303 -0.2824 -0.08 -1.01 
6300 3.3271 -0.1231 -0.04 -0.45 
6480 3.3089 -0.2318 -0.07 -0.86 
6660 3.3681 -0.3055 -0.09 -1.11 
6840 3.2059 -0.0524 -0.02 -0.20 
           
439 
 
 
Transmetalation of Arylpalladium Silanolate Complex 92b, 8.0 equiv K+86– (Table 16, 
entry 4) 
Following General Procedure XV, a mixture of 83 (10.6 mg, 0.0227 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+86– (5.6 mg, 0.0216 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+86– (48.0 mg, 0.183 
mmol, 8.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 5.27 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.1958 6.1389 1.92 28.39 
180 3.2345 5.3416 1.65 24.41 
360 3.1026 4.6890 1.51 22.34 
540 3.0397 4.4036 1.45 21.41 
720 3.1652 4.1288 1.30 19.28 
900 3.1789 3.8143 1.20 17.73 
1080 3.1440 3.3110 1.05 15.56 
1260 3.1507 3.0193 0.96 14.16 
1440 3.2533 2.8189 0.87 12.81 
1620 3.1859 2.4820 0.78 11.51 
1800 3.0732 2.3224 0.76 11.17 
1980 3.1373 1.9988 0.64 9.42 
2160 3.1081 1.7867 0.57 8.50 
2340 3.0880 1.4658 0.47 7.01 
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2520 3.2831 1.3187 0.40 5.94 
2700 3.2325 1.3036 0.40 5.96 
2880 3.1945 1.1204 0.35 5.18 
3060 3.2382 0.8843 0.27 4.04 
3240 3.1273 0.7621 0.24 3.60 
3420 3.2335 0.7215 0.22 3.30 
3600 3.0585 0.5019 0.16 2.43 
3780 3.0391 0.3824 0.13 1.86 
3960 3.2601 0.4679 0.14 2.12 
4140 3.1920 0.3541 0.11 1.64 
4320 3.2403 0.2576 0.08 1.17 
4500 3.2575 0.2147 0.07 0.97 
4680 3.2063 0.2335 0.07 1.08 
4860 3.1398 0.0475 0.02 0.22 
5040 3.1986 -0.1270 -0.04 -0.59 
5220 3.1862 0.0616 0.02 0.29 
 
 
Transmetalation of Arylpalladium Silanolate Complex 92b, 8.0 equiv K+86– (Table 16, 
entry 4) 
Following General Procedure XV, a mixture of 83 (11.2 mg, 0.0240 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+86– (6.0 mg, 0.0228 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+86– (50.7 mg, 0.193 
mmol, 8.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 5.03 x 10-4 s-1. 
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Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.3668 6.3320 1.88 30.01 
180 3.5071 5.6372 1.61 25.65 
360 3.4526 5.0629 1.47 23.40 
540 3.2756 4.5911 1.40 22.37 
720 3.5250 4.7314 1.34 21.42 
900 3.6714 4.3444 1.18 18.88 
1080 3.3948 3.7472 1.10 17.61 
1260 3.7194 3.7144 1.00 15.94 
1440 3.7397 3.3097 0.89 14.12 
1620 3.3881 3.0490 0.90 14.36 
1800 3.4712 2.8078 0.81 12.91 
1980 3.4397 2.4157 0.70 11.21 
2160 3.5999 2.4981 0.69 11.07 
2340 3.4720 1.9794 0.57 9.10 
2520 3.1820 1.7094 0.54 8.57 
2700 3.6125 1.6001 0.44 7.07 
2880 3.4911 1.5227 0.44 6.96 
3060 3.1757 1.0789 0.34 5.42 
3240 3.4264 1.4544 0.42 6.77 
3420 3.5001 1.0859 0.31 4.95 
3600 3.4201 0.9268 0.27 4.32 
3780 3.5280 0.8699 0.25 3.93 
3960 3.4828 0.5653 0.16 2.59 
4140 3.7187 0.7053 0.19 3.03 
4320 3.1962 0.6207 0.19 3.10 
4500 3.3268 0.2860 0.09 1.37 
 
kobs = 5.15 x 10-4 ± 1.7 x 10-5 s-1 
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Transmetalation of Arylpalladium Silanolate Complex 93, 2.0 equiv K+85– (Table 17, entry 
2) 
Following General Procedure XV, a mixture of 83 (10.4 mg, 0.0223 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (4.0 mg, 0.0212 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (8.7 mg, 0.0457 
mmol, 2.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.67 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.3983 5.7651 1.70 27.82 
180 3.5005 5.7986 1.66 27.16 
360 3.4589 5.4263 1.57 25.72 
540 3.2946 5.1702 1.57 25.73 
720 3.2725 5.1184 1.56 25.65 
900 3.4730 4.9095 1.41 23.18 
1080 3.3113 4.9296 1.49 24.41 
1260 3.4406 4.8471 1.41 23.10 
1440 3.4442 4.3816 1.27 20.86 
1620 3.3037 4.1076 1.24 20.39 
1800 3.5725 4.1815 1.17 19.19 
1980 3.5279 4.1692 1.18 19.38 
2160 3.5898 3.9296 1.09 17.95 
2340 3.5525 3.7671 1.06 17.39 
2520 3.1437 3.4418 1.09 17.95 
2700 3.3434 3.4896 1.04 17.11 
2880 3.1712 3.0475 0.96 15.76 
3060 3.6226 3.4235 0.95 15.50 
3240 3.3057 3.0173 0.91 14.97 
3420 3.5434 3.3268 0.94 15.39 
3600 3.3611 2.8419 0.85 13.86 
3780 3.5283 3.2038 0.91 14.89 
3960 3.7343 2.9500 0.79 12.95 
4140 3.6226 2.6193 0.72 11.86 
4320 3.5364 2.7728 0.78 12.86 
4500 3.4768 2.7149 0.78 12.80 
4680 3.4260 2.4022 0.70 11.50 
4860 3.3692 2.4807 0.74 12.07 
5040 3.5421 2.2478 0.63 10.41 
5220 3.4666 2.4856 0.72 11.76 
           
443 
5400 3.1465 1.7894 0.57 9.32 
5580 3.3192 1.7953 0.54 8.87 
5760 3.6042 2.1129 0.59 9.61 
5940 3.3905 1.9832 0.58 9.59 
6120 3.3923 1.7939 0.53 8.67 
6300 3.4643 1.7750 0.51 8.40 
6480 3.3574 1.8188 0.54 8.88 
6660 3.5585 1.9306 0.54 8.90 
6840 3.5650 1.7156 0.48 7.89 
7020 3.2379 1.4128 0.44 7.15 
7200 3.3827 1.2835 0.38 6.22 
7380 3.2799 1.2179 0.37 6.09 
7560 3.5685 1.4231 0.40 6.54 
7740 3.6520 1.6018 0.44 7.19 
7920 3.4646 1.1342 0.33 5.37 
8100 3.5323 1.4057 0.40 6.53 
8280 3.6325 1.4826 0.41 6.69 
8460 3.6664 1.2574 0.34 5.62 
8640 3.1707 0.8572 0.27 4.43 
8820 3.2138 1.0014 0.31 5.11 
9000 3.5944 1.1266 0.31 5.14 
9180 3.2649 0.6187 0.19 3.11 
9360 3.4602 1.0419 0.30 4.94 
9540 3.2553 0.9270 0.28 4.67 
9720 3.4917 0.9803 0.28 4.60 
9900 3.4167 0.9855 0.29 4.73 
10080 3.1778 0.6114 0.19 3.15 
10260 3.4229 0.8114 0.24 3.89 
10440 3.3332 0.6083 0.18 2.99 
10620 3.3746 0.8686 0.26 4.22 
10800 3.5068 0.7470 0.21 3.49 
10980 3.3793 0.5396 0.16 2.62 
11160 3.4905 0.8815 0.25 4.14 
11340 3.3588 0.6025 0.18 2.94 
11520 3.3955 0.6122 0.18 2.96 
11700 3.4694 0.7489 0.22 3.54 
11880 3.5656 0.7205 0.20 3.31 
12060 3.5250 0.6673 0.19 3.10 
12240 3.4093 0.4623 0.14 2.22 
12420 3.4583 0.4127 0.12 1.96 
12600 3.5427 0.6281 0.18 2.91 
12780 3.4597 0.2522 0.07 1.20 
12960 3.7175 0.4578 0.12 2.02 
13140 3.5803 0.4101 0.11 1.88 
13320 3.4687 0.4067 0.12 1.92 
13500 3.6431 0.3826 0.11 1.72 
13680 3.6002 0.4057 0.11 1.85 
13860 3.4127 0.1389 0.04 0.67 
14040 3.3152 0.2271 0.07 1.12 
           
444 
14220 3.4494 0.0602 0.02 0.29 
 
 
Transmetalation of Arylpalladium Silanolate Complex 93, 4.0 equiv K+85– (Table 17, entry 
3) 
Following General Procedure XV, a mixture of 83 (11.1 mg, 0.0238 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (4.3 mg, 0.0226 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (18.3 mg, 0.0964 
mmol, 4.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.92 x 10-4 s-1. 
Time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.0958 4.4773 1.45 29.67 
180 3.0682 4.2860 1.40 28.66 
360 3.0286 4.2352 1.40 28.69 
540 3.0040 4.0688 1.35 27.79 
720 3.0678 3.8744 1.26 25.91 
900 3.0709 3.5323 1.15 23.60 
1080 3.1029 3.4053 1.10 22.52 
1260 3.1936 3.3830 1.06 21.73 
1440 3.0661 3.1208 1.02 20.88 
1620 3.3185 3.3721 1.02 20.85 
1800 3.1266 2.9586 0.95 19.41 
1980 3.3222 2.9616 0.89 18.29 
2160 3.1666 2.6481 0.84 17.16 
           
445 
2340 3.3271 2.5266 0.76 15.58 
2520 3.0945 2.3162 0.75 15.36 
2700 3.2164 2.6494 0.82 16.90 
2880 3.3440 2.5687 0.77 15.76 
3060 3.3570 2.2105 0.66 13.51 
3240 3.1522 2.0311 0.64 13.22 
3420 3.2179 2.3540 0.73 15.01 
3600 2.9899 1.8831 0.63 12.92 
3780 3.2742 1.8965 0.58 11.88 
3960 3.1747 1.8428 0.58 11.91 
4140 3.1823 1.8499 0.58 11.93 
4320 3.2682 1.7117 0.52 10.75 
4500 3.1691 1.7472 0.55 11.31 
4680 3.0626 1.4071 0.46 9.43 
4860 3.2558 1.5787 0.48 9.95 
5040 3.2296 1.3117 0.41 8.33 
5220 3.3525 1.3263 0.40 8.12 
5400 3.1988 1.4187 0.44 9.10 
5580 3.1368 1.2537 0.40 8.20 
5760 3.3046 1.2379 0.37 7.69 
5940 3.1403 0.8029 0.26 5.25 
6120 3.1130 1.0077 0.32 6.64 
6300 3.4193 1.2416 0.36 7.45 
6480 3.3002 0.9896 0.30 6.15 
6660 3.0896 0.9252 0.30 6.14 
6840 3.0034 0.7016 0.23 4.79 
7020 3.3910 1.0706 0.32 6.48 
7200 3.1757 0.8825 0.28 5.70 
7380 3.1214 0.6877 0.22 4.52 
7560 3.0185 0.5862 0.19 3.98 
7740 3.2441 0.7280 0.22 4.60 
7920 3.2558 0.8612 0.26 5.43 
8100 3.2063 0.6719 0.21 4.30 
8280 3.3414 0.7966 0.24 4.89 
8460 3.2123 0.8599 0.27 5.49 
8640 3.2231 0.6127 0.19 3.90 
8820 3.3433 0.4721 0.14 2.90 
9000 3.1420 0.3752 0.12 2.45 
9180 3.2649 0.6187 0.19 3.89 
           
446 
 
 
Transmetalation of Arylpalladium Silanolate Complex 93, 4.0 equiv K+85– (Table 17, entry 
3) 
Following General Procedure XV, a mixture of 83 (11.1 mg, 0.0238 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+85– (4.3 mg, 0.0226 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+85– (18.3 mg, 0.0964 
mmol, 4.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 2.03 x 10-4 s-1. 
time 
(s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.5946 4.5132 1.26 28.08 
180 3.3144 4.3921 1.33 29.64 
360 3.3944 4.0911 1.21 26.96 
540 3.3717 3.9154 1.16 25.98 
720 3.5348 3.8959 1.10 24.65 
900 3.4698 3.6241 1.04 23.36 
1080 3.4957 3.4729 0.99 22.22 
1260 3.2775 3.3482 1.02 22.85 
1440 3.6039 3.1574 0.88 19.60 
1620 3.5309 3.1137 0.88 19.73 
1800 3.5013 2.8899 0.83 18.46 
1980 3.7740 3.0668 0.81 18.18 
2160 3.4010 2.6957 0.79 17.73 
2340 3.3656 2.5907 0.77 17.22 
           
447 
2520 3.5138 2.6987 0.77 17.18 
2700 3.6428 2.3278 0.64 14.29 
2880 3.7789 2.4241 0.64 14.35 
3060 3.1746 2.1650 0.68 15.25 
3240 3.7729 2.2405 0.59 13.28 
3420 3.5626 2.6106 0.73 16.39 
3600 3.0312 1.8860 0.62 13.92 
3780 3.3958 1.6455 0.48 10.84 
3960 3.2076 1.8478 0.58 12.89 
4140 3.3381 1.8734 0.56 12.55 
4320 3.3871 1.4306 0.42 9.45 
4500 3.1184 1.4236 0.46 10.21 
4680 3.5092 1.4325 0.41 9.13 
4860 3.5778 1.6005 0.45 10.01 
5040 3.8153 1.6479 0.43 9.66 
5220 3.7152 1.4702 0.40 8.85 
5400 3.5433 1.4017 0.40 8.85 
5580 3.1475 0.9194 0.29 6.53 
5760 3.2900 1.1022 0.34 7.49 
5940 3.6789 1.3181 0.36 8.01 
6120 3.9249 1.5198 0.39 8.66 
6300 3.5085 0.9074 0.26 5.78 
6480 3.0502 0.5709 0.19 4.19 
6660 3.1965 0.6780 0.21 4.74 
6840 3.3288 0.8996 0.27 6.04 
7020 3.2570 0.4850 0.15 3.33 
7200 3.3901 0.8910 0.26 5.88 
7380 3.5220 0.7060 0.20 4.48 
7560 3.6211 0.8269 0.23 5.11 
7740 3.4230 0.6357 0.19 4.15 
7920 3.3284 0.7617 0.23 5.12 
8100 3.2435 0.3736 0.12 2.58 
8280 3.7934 0.9523 0.25 5.62 
8460 3.3346 0.3767 0.11 2.53 
8640 3.8427 0.7588 0.20 4.42 
8820 3.2506 0.4140 0.13 2.85 
9000 3.5174 0.4689 0.13 2.98 
9180 3.3434 0.4586 0.14 3.07 
9360 3.1565 0.1098 0.03 0.78 
9540 3.1910 0.1044 0.03 0.73 
9720 3.5613 0.2681 0.08 1.68 
           
448 
 
kobs = 1.98 x 10-4 ± 7.8 x 10-6 s-1 
 
Transmetalation of Arylpalladium Silanolate Complex 94, 2.0 equiv K+51– (Table 17, entry 
5) 
Following General Procedure XV, a mixture of 83 (9.5 mg, 0.0204 mmol, 1.0 equiv) was 
dissolved in toluene (0.3 mL), followed by addition K+51- (5.0 mg, 0.0194 mmol, 0.95 equiv) 
and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (10.8 mg, 0.0418 mmol, 
2.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was placed 
into a NMR probe at room temperature and the reaction progress was monitored by 31P NMR 
spectroscopy.  kobs = 8.33 x 10-5 s-1. 
time (s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.2456 6.9520 2.14 25.52 
180 3.3032 7.0810 2.14 25.54 
360 3.2000 6.8052 2.13 25.34 
540 3.3194 6.6109 1.99 23.73 
720 3.4529 6.4064 1.86 22.11 
900 3.4185 6.3691 1.86 22.20 
1080 3.4253 6.1855 1.81 21.52 
1260 3.4888 5.9935 1.72 20.47 
1440 3.5788 6.2003 1.73 20.64 
1620 3.3778 5.8897 1.74 20.78 
1800 3.4342 5.9900 1.74 20.78 
1980 3.4697 5.8443 1.68 20.07 
           
449 
2160 3.1704 5.7063 1.80 21.45 
2340 3.1360 5.5614 1.77 21.13 
2520 3.1411 5.5636 1.77 21.11 
2700 3.0591 5.5604 1.82 21.66 
2880 3.1918 5.5133 1.73 20.58 
3060 3.0674 5.1313 1.67 19.93 
3240 3.2179 5.3352 1.66 19.76 
3420 3.2579 5.3739 1.65 19.66 
3600 3.3093 5.1957 1.57 18.71 
3780 3.3044 5.0426 1.53 18.18 
3960 3.2458 4.8816 1.50 17.92 
4140 3.3318 4.8026 1.44 17.18 
4320 3.4668 4.8412 1.40 16.64 
4500 3.5537 4.7663 1.34 15.98 
4680 3.4498 4.5458 1.32 15.70 
4860 3.3669 4.2900 1.27 15.18 
5040 3.5785 4.5775 1.28 15.24 
5220 3.5909 4.4668 1.24 14.82 
5400 3.4682 4.5004 1.30 15.46 
5580 3.3240 4.1549 1.25 14.89 
5760 3.4432 4.1783 1.21 14.46 
5940 3.3910 4.3088 1.27 15.14 
6120 3.1433 4.1204 1.31 15.62 
6300 3.2489 4.1150 1.27 15.09 
6480 3.2653 4.0665 1.25 14.84 
6660 3.3656 3.9127 1.16 13.85 
6840 3.2047 3.9134 1.22 14.55 
7020 3.3103 3.8034 1.15 13.69 
7200 3.1906 3.5789 1.12 13.37 
7380 3.3182 3.5695 1.08 12.82 
7560 3.4749 3.6428 1.05 12.49 
7740 3.4909 3.3594 0.96 11.47 
7920 3.4861 3.4959 1.00 11.95 
8100 3.3465 3.3170 0.99 11.81 
8280 3.5118 3.4646 0.99 11.76 
8460 3.3088 3.0285 0.92 10.91 
8640 3.4880 3.2840 0.94 11.22 
8820 3.4355 3.1566 0.92 10.95 
9000 3.2517 3.0879 0.95 11.32 
9180 3.6087 3.0369 0.84 10.03 
9360 3.5877 3.1416 0.88 10.43 
9540 3.5180 2.9639 0.84 10.04 
9720 3.4919 3.0262 0.87 10.33 
9900 3.5253 2.8284 0.80 9.56 
10080 3.3690 2.6398 0.78 9.34 
10260 3.3797 2.8525 0.84 10.06 
10440 3.3204 2.6243 0.79 9.42 
10620 2.9622 2.6193 0.88 10.54 
10800 3.2543 2.6520 0.81 9.71 
           
450 
10980 3.3380 2.6586 0.80 9.49 
11160 3.2319 2.4933 0.77 9.19 
11340 3.1690 2.4179 0.76 9.09 
11520 3.2675 2.4628 0.75 8.98 
11700 3.2471 2.4530 0.76 9.00 
11880 3.3113 2.3534 0.71 8.47 
12060 3.1303 2.0800 0.66 7.92 
12240 3.3969 2.3905 0.70 8.39 
12420 3.1466 2.2613 0.72 8.56 
12600 3.4530 2.1091 0.61 7.28 
12780 3.3385 2.2671 0.68 8.09 
12960 3.5905 2.1380 0.60 7.10 
13140 3.4346 2.1412 0.62 7.43 
13320 3.3048 1.9958 0.60 7.20 
13500 3.4698 2.0058 0.58 6.89 
13680 3.2740 1.9754 0.60 7.19 
13860 3.2374 1.9520 0.60 7.18 
14040 3.1771 1.9587 0.62 7.35 
14220 3.3158 1.7635 0.53 6.34 
14400 3.1424 1.8739 0.60 7.11 
14580 3.2650 1.9516 0.60 7.12 
14760 3.3362 1.8794 0.56 6.71 
14940 3.3473 1.9442 0.58 6.92 
15120 3.1558 1.8370 0.58 6.94 
15300 3.3017 1.7323 0.52 6.25 
15480 3.3158 1.6550 0.50 5.95 
15660 3.1781 1.5529 0.49 5.82 
15840 3.1908 1.6176 0.51 6.04 
16020 3.4231 1.7252 0.50 6.01 
16200 3.0874 1.3769 0.45 5.31 
16380 3.1462 1.5828 0.50 5.99 
16560 3.2605 1.3770 0.42 5.03 
16740 3.1435 1.4287 0.45 5.42 
16920 3.1015 1.4071 0.45 5.41 
17100 3.1686 1.3371 0.42 5.03 
17280 3.0711 1.3116 0.43 5.09 
17460 3.0024 1.3397 0.45 5.32 
17640 3.0892 1.2032 0.39 4.64 
17820 3.3250 1.1562 0.35 4.14 
18000 2.8844 1.2861 0.45 5.31 
18180 2.9506 1.1228 0.38 4.53 
18360 2.8200 1.0082 0.36 4.26 
18540 2.8614 1.0064 0.35 4.19 
18720 2.9192 1.0449 0.36 4.27 
18900 2.8513 1.0658 0.37 4.45 
19080 2.7621 1.1533 0.42 4.98 
19260 2.7720 0.9501 0.34 4.08 
19440 2.8494 0.9386 0.33 3.93 
19620 2.6606 0.7853 0.30 3.52 
           
451 
19800 2.8309 0.8915 0.31 3.75 
19980 2.6728 0.8582 0.32 3.83 
20160 2.7022 0.7942 0.29 3.50 
20340 2.9397 0.9168 0.31 3.72 
20520 2.9310 0.9175 0.31 3.73 
20700 2.7740 0.8910 0.32 3.83 
20880 2.8632 0.9064 0.32 3.77 
21060 2.8936 0.8202 0.28 3.38 
21240 2.7490 0.7187 0.26 3.12 
21420 2.6819 0.8470 0.32 3.76 
21600 2.9208 0.8732 0.30 3.56 
21780 2.7624 0.7470 0.27 3.22 
21960 2.9783 0.8039 0.27 3.22 
22140 2.6729 0.7071 0.26 3.15 
22320 2.9200 0.7431 0.25 3.03 
22500 2.8839 0.6883 0.24 2.84 
22680 2.7906 0.6352 0.23 2.71 
22860 2.7137 0.6697 0.25 2.94 
23040 2.9406 0.7084 0.24 2.87 
23220 3.0003 0.8430 0.28 3.35 
23400 2.8627 0.5002 0.17 2.08 
23580 2.9579 0.5751 0.19 2.32 
23760 2.8443 0.5651 0.20 2.37 
23940 2.8762 0.4912 0.17 2.03 
24120 2.7282 0.5027 0.18 2.20 
24300 2.9810 0.5876 0.20 2.35 
24480 2.8465 0.4295 0.15 1.80 
24660 2.8743 0.5000 0.17 2.07 
24840 2.7662 0.4125 0.15 1.78 
25020 2.7754 0.3680 0.13 1.58 
 
 
           
452 
Transmetalation of Arylpalladium Silanolate Complex 94, 4.0 equiv K+51– (Table 17, entry 
6) 
Following General Procedure XV, a mixture of 83 (10.7 mg, 0.0229 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+51- (5.6 mg, 0.0218 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution.  A solution of K+51- (24.0 mg, 0.0927 
mmol, 4.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 1.00 x 10-4 s-1. 
time (s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 3.1122 6.9794 2.24 26.64 
180 2.8573 6.8768 2.41 28.59 
360 3.2369 7.0338 2.17 25.81 
540 3.2306 6.8745 2.13 25.27 
720 2.7952 6.4289 2.30 27.32 
900 3.0808 6.5716 2.13 25.34 
1080 2.9476 6.4117 2.18 25.84 
1260 3.0614 6.2961 2.06 24.43 
1440 3.0531 6.2226 2.04 24.21 
1620 3.1220 5.9475 1.91 22.63 
1800 3.0130 5.6749 1.88 22.37 
1980 3.1947 5.8005 1.82 21.57 
2160 3.0122 5.7245 1.90 22.57 
2340 3.1200 5.6437 1.81 21.49 
2520 2.8779 5.5585 1.93 22.94 
2700 3.0423 5.4288 1.78 21.19 
2880 3.1005 5.3625 1.73 20.54 
3060 3.1306 5.1127 1.63 19.40 
3240 2.9796 4.8738 1.64 19.43 
3420 3.0005 4.8029 1.60 19.01 
3600 2.8947 4.7487 1.64 19.49 
3780 2.9239 4.6937 1.61 19.07 
3960 2.9820 4.5387 1.52 18.08 
4140 3.2106 4.5125 1.41 16.69 
4320 3.0955 4.4117 1.43 16.93 
4500 3.0368 4.4175 1.45 17.28 
4680 3.0667 4.1340 1.35 16.01 
4860 2.9967 4.0670 1.36 16.12 
5040 2.9191 4.1514 1.42 16.89 
5220 2.8531 4.0077 1.40 16.68 
           
453 
5400 3.0883 3.7551 1.22 14.44 
5580 3.1459 3.9671 1.26 14.98 
5760 3.0192 3.6293 1.20 14.28 
5940 2.9333 3.6300 1.24 14.70 
6120 3.4235 3.7403 1.09 12.98 
6300 3.0223 3.4273 1.13 13.47 
6480 3.1449 3.3939 1.08 12.82 
6660 3.1595 3.2752 1.04 12.31 
6840 2.8899 3.2842 1.14 13.50 
7020 3.1238 3.3941 1.09 12.91 
7200 2.9892 3.2025 1.07 12.73 
7380 3.2193 3.1047 0.96 11.45 
7560 3.1440 3.0160 0.96 11.39 
7740 3.1821 2.9874 0.94 11.15 
7920 3.1101 2.9290 0.94 11.19 
8100 3.1099 2.6659 0.86 10.18 
8280 2.8689 2.7623 0.96 11.44 
8460 2.9964 2.7309 0.91 10.83 
8640 3.0171 2.6906 0.89 10.59 
8820 3.1169 2.6076 0.84 9.94 
9000 3.1428 2.4597 0.78 9.30 
9180 3.0676 2.2974 0.75 8.90 
9360 3.1655 2.5393 0.80 9.53 
9540 3.3775 2.5336 0.75 8.91 
9720 3.0547 2.3331 0.76 9.07 
9900 2.9036 2.3144 0.80 9.47 
10080 3.1836 2.2540 0.71 8.41 
10260 3.0492 2.1810 0.72 8.50 
10440 3.0875 2.0987 0.68 8.07 
10620 3.3268 2.0761 0.62 7.41 
10800 3.1211 1.8962 0.61 7.22 
10980 3.2678 2.0872 0.64 7.59 
11160 2.9631 1.8073 0.61 7.24 
11340 3.0682 1.8019 0.59 6.98 
11520 3.0218 1.7355 0.57 6.82 
11700 3.0096 1.9425 0.65 7.67 
11880 3.1131 1.6253 0.52 6.20 
12060 3.0215 1.9292 0.64 7.58 
12240 3.1103 1.7084 0.55 6.52 
12420 3.0195 1.5306 0.51 6.02 
12600 3.2658 1.6657 0.51 6.06 
12780 3.1540 1.4910 0.47 5.61 
12960 3.2186 1.5451 0.48 5.70 
13140 3.1392 1.4818 0.47 5.61 
13320 3.2809 1.6189 0.49 5.86 
13500 3.0886 1.3894 0.45 5.34 
13680 2.9145 1.2110 0.42 4.94 
13860 3.0659 1.3592 0.44 5.27 
14040 3.0320 1.2317 0.41 4.82 
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14220 3.2134 1.1364 0.35 4.20 
14400 3.0280 1.2018 0.40 4.71 
14580 3.0002 1.0990 0.37 4.35 
14760 3.1042 1.0925 0.35 4.18 
14940 3.2226 1.0520 0.33 3.88 
15120 3.1595 1.0535 0.33 3.96 
15300 3.2278 1.1414 0.35 4.20 
15480 3.2557 0.9751 0.30 3.56 
15660 2.9134 0.9480 0.33 3.86 
15840 3.0220 1.0654 0.35 4.19 
16020 3.1606 0.9702 0.31 3.65 
16200 3.1610 0.8557 0.27 3.22 
16380 3.0802 0.7867 0.26 3.03 
16560 3.1975 1.0532 0.33 3.91 
16740 3.1575 0.7882 0.25 2.97 
16920 3.2092 0.6455 0.20 2.39 
17100 3.0993 0.7536 0.24 2.89 
17280 3.1919 0.8147 0.26 3.03 
17460 3.1174 0.6318 0.20 2.41 
17640 3.2382 0.6572 0.20 2.41 
17820 3.1269 0.5846 0.19 2.22 
18000 3.3150 0.8596 0.26 3.08 
18180 3.1699 0.6303 0.20 2.36 
18360 3.3418 0.5495 0.16 1.95 
18540 3.1543 0.4658 0.15 1.75 
18720 3.3343 0.5768 0.17 2.05 
18900 3.2803 0.4235 0.13 1.53 
19080 2.9621 0.5028 0.17 2.02 
19260 3.1424 0.4283 0.14 1.62 
19440 3.1332 0.4371 0.14 1.66 
19620 3.1405 0.4224 0.13 1.60 
19800 3.2805 0.3993 0.12 1.45 
19980 3.2144 0.4787 0.15 1.77 
20160 3.2645 0.3940 0.12 1.43 
20340 3.1388 0.4052 0.13 1.53 
20520 3.2682 0.4433 0.14 1.61 
20700 3.0236 0.3130 0.10 1.23 
20880 3.1643 0.1146 0.04 0.43 
21060 3.1426 0.4438 0.14 1.68 
21240 3.2268 0.3567 0.11 1.31 
21420 3.1226 0.3547 0.11 1.35 
21600 3.1703 0.1691 0.05 0.63 
21780 3.5210 0.4486 0.13 1.51 
21960 3.1624 0.2909 0.09 1.09 
22140 3.0566 0.1288 0.04 0.50 
22320 3.1060 0.0832 0.03 0.32 
22500 3.0665 0.1771 0.06 0.69 
22680 3.1673 0.1231 0.04 0.46 
22860 3.1703 0.0770 0.02 0.29 
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23040 3.3183 0.1739 0.05 0.62 
23220 3.0153 0.0875 0.03 0.34 
23400 3.2178 0.1346 0.04 0.50 
23580 3.4554 0.1222 0.04 0.42 
23760 3.1544 0.0247 0.01 0.09 
23940 3.3224 0.1621 0.05 0.58 
24120 3.4132 0.1718 0.05 0.60 
24300 3.0455 -0.1044 -0.03 -0.41 
24480 3.0894 0.1320 0.04 0.51 
24660 3.3306 0.0149 0.00 0.05 
24840 3.2664 0.1025 0.03 0.37 
25020 3.1251 0.0353 0.01 0.13 
25200 2.9949 -0.2517 -0.08 -1.00 
25380 3.1921 -0.1414 -0.04 -0.53 
25560 3.0776 -0.0793 -0.03 -0.31 
25740 2.9752 -0.1415 -0.05 -0.56 
25920 3.1618 0.0256 0.01 0.10 
26100 3.1704 -0.0113 0.00 -0.04 
26280 3.0600 -0.1719 -0.06 -0.67 
26460 2.9414 -0.0299 -0.01 -0.12 
26640 3.1441 -0.0843 -0.03 -0.32 
26820 3.2164 -0.0772 -0.02 -0.28 
 
 
Transmetalation of Arylpalladium Silanolate Complex 94, 4.0 equiv K+51– (Table 17, entry 
6) 
Following General Procedure XV, a mixture of 83 (10.8 mg, 0.0232 mmol, 1.0 equiv) 
was dissolved in toluene (0.3 mL), followed by addition K+51– (5.7 mg, 0.0220 mmol, 0.95 
equiv) and toluene (0.2 mL) to afford an orange solution. A solution of K+51– (24.3 mg, 0.0939 
mmol, 4.05 equiv) in toluene (0.3 mL) was added to afford an orange solution.  The tube was 
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placed into a NMR probe at room temperature and the reaction progress was monitored by 31P 
NMR spectroscopy.  kobs = 9.84 x 10-4 s-1.  
time (s) 
Integral IS 
(21.8 ppm) 
Integral Pd 
complex  
(62.4 ppm) 
Normalized 
Integral 
Normalized 
(mM) 
0 2.9795 6.4075 2.15 29.01 
180 2.8973 6.2320 2.15 29.01 
360 2.9332 5.9787 2.04 27.49 
540 3.0659 5.8315 1.90 25.66 
720 2.8294 5.5433 1.96 26.43 
900 2.8610 5.4253 1.90 25.58 
1080 2.8786 5.3595 1.86 25.11 
1260 2.7536 5.0801 1.84 24.89 
1440 3.0731 5.1243 1.67 22.49 
1620 2.7849 5.0018 1.80 24.23 
1800 2.8426 4.9429 1.74 23.45 
1980 2.8180 4.8427 1.72 23.18 
2160 2.7882 4.5746 1.64 22.13 
2340 2.6727 4.3456 1.63 21.93 
2520 2.7251 4.2107 1.55 20.84 
2700 2.7376 4.3105 1.57 21.24 
2880 2.7193 4.1727 1.53 20.70 
3060 2.6717 4.1962 1.57 21.19 
3240 2.9093 4.1457 1.42 19.22 
3420 2.9828 4.0920 1.37 18.50 
3600 3.0468 4.1471 1.36 18.36 
3780 2.8543 3.7957 1.33 17.94 
3960 2.8276 3.8092 1.35 18.17 
4140 2.9059 3.8091 1.31 17.68 
4320 3.0467 3.9065 1.28 17.29 
4500 2.9719 3.5733 1.20 16.22 
4680 3.0695 3.6751 1.20 16.15 
4860 2.7290 3.4761 1.27 17.18 
5040 2.7536 3.3324 1.21 16.32 
5220 2.8815 3.4361 1.19 16.08 
5400 2.8910 3.3455 1.16 15.61 
5580 2.8963 3.2198 1.11 14.99 
5760 2.8630 3.0692 1.07 14.46 
5940 2.8619 3.0461 1.06 14.36 
6120 2.7904 3.0478 1.09 14.73 
6300 2.7309 2.8978 1.06 14.31 
6480 2.8794 2.8855 1.00 13.52 
6660 2.9011 2.8778 0.99 13.38 
6840 2.8524 2.7655 0.97 13.08 
7020 2.8341 2.7579 0.97 13.13 
7200 2.9002 2.8011 0.97 13.03 
7380 2.9534 2.6104 0.88 11.92 
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7560 2.8982 2.5753 0.89 11.99 
7740 3.1801 2.6258 0.83 11.14 
7920 3.1019 2.4893 0.80 10.82 
8100 2.9074 2.4846 0.85 11.53 
8280 3.0206 2.4437 0.81 10.91 
8460 2.9566 2.3340 0.79 10.65 
8640 3.1559 2.3137 0.73 9.89 
8820 2.7329 2.1769 0.80 10.74 
9000 3.0187 2.1112 0.70 9.43 
9180 2.7961 2.2046 0.79 10.63 
9360 2.8540 2.0840 0.73 9.85 
9540 2.9907 2.0986 0.70 9.46 
9720 2.8985 2.1724 0.75 10.11 
9900 2.9740 2.0191 0.68 9.16 
10080 2.7916 1.9283 0.69 9.32 
10260 2.8983 1.8538 0.64 8.63 
10440 3.1337 1.7331 0.55 7.46 
10620 2.8218 1.6855 0.60 8.06 
10800 3.0336 1.5805 0.52 7.03 
10980 2.8265 1.7339 0.61 8.27 
11160 3.0274 1.6548 0.55 7.37 
11340 2.9964 1.7981 0.60 8.09 
11520 2.8135 1.4627 0.52 7.01 
11700 2.9039 1.4893 0.51 6.92 
11880 3.0502 1.5524 0.51 6.87 
12060 2.8622 1.3872 0.48 6.54 
12240 2.9962 1.4256 0.48 6.42 
12420 2.9574 1.3995 0.47 6.38 
12600 2.9844 1.3894 0.47 6.28 
12780 2.9761 1.3429 0.45 6.09 
12960 2.9185 1.3181 0.45 6.09 
13140 2.8550 1.3783 0.48 6.51 
13320 3.1850 1.3942 0.44 5.90 
13500 3.1788 1.3610 0.43 5.78 
13680 2.9925 1.0741 0.36 4.84 
13860 2.9354 1.0949 0.37 5.03 
14040 3.0387 1.1136 0.37 4.94 
14220 2.8562 1.0601 0.37 5.01 
14400 2.9202 1.0234 0.35 4.73 
14580 2.8875 0.9945 0.34 4.65 
14760 2.8275 0.9942 0.35 4.74 
14940 2.9394 0.9808 0.33 4.50 
15120 3.0180 0.9484 0.31 4.24 
15300 2.7188 0.8481 0.31 4.21 
15480 2.9372 0.9076 0.31 4.17 
15660 3.0351 0.7968 0.26 3.54 
15840 2.8800 0.8833 0.31 4.14 
16020 2.8466 0.7526 0.26 3.57 
16200 2.9981 0.8744 0.29 3.93 
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16380 3.0782 0.8894 0.29 3.90 
16560 3.0199 0.7029 0.23 3.14 
16740 2.9875 0.6665 0.22 3.01 
16920 2.9955 0.7188 0.24 3.24 
17100 2.9557 0.6811 0.23 3.11 
17280 2.9492 0.6905 0.23 3.16 
17460 2.9067 0.6752 0.23 3.13 
17640 2.9247 0.7348 0.25 3.39 
17820 3.0292 0.6359 0.21 2.83 
18000 2.9422 0.5633 0.19 2.58 
18180 2.9165 0.5416 0.19 2.50 
18360 3.0474 0.6032 0.20 2.67 
18540 2.7810 0.4924 0.18 2.39 
18720 3.0179 0.6131 0.20 2.74 
18900 2.8818 0.3504 0.12 1.64 
19080 2.7778 0.3597 0.13 1.75 
19260 3.0684 0.3616 0.12 1.59 
19440 3.0231 0.2904 0.10 1.30 
19620 3.0861 0.3345 0.11 1.46 
19800 3.0139 0.5093 0.17 2.28 
19980 2.8139 0.3324 0.12 1.59 
20160 2.8282 0.2248 0.08 1.07 
20340 3.0275 0.3240 0.11 1.44 
20520 2.8334 0.2316 0.08 1.10 
20700 3.0100 0.2819 0.09 1.26 
20880 2.9974 0.3294 0.11 1.48 
21060 2.8705 0.3369 0.12 1.58 
21240 2.8930 0.3600 0.12 1.68 
21420 3.0136 0.1881 0.06 0.84 
21600 2.9237 0.2465 0.08 1.14 
21780 3.1378 0.2419 0.08 1.04 
21960 2.9337 0.2411 0.08 1.11 
22140 3.1303 0.3679 0.12 1.59 
22320 2.7490 0.0671 0.02 0.33 
22500 2.8550 0.0969 0.03 0.46 
22680 2.9450 0.1705 0.06 0.78 
22860 3.0797 0.0182 0.01 0.08 
23040 2.8603 0.1284 0.04 0.61 
23220 3.0524 0.1374 0.04 0.61 
23400 2.9612 0.0445 0.02 0.20 
23580 3.0704 0.1954 0.06 0.86 
23760 3.1544 0.0247 0.01 0.11 
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kobs = 9.92 x 10-5 ± 1.1 x 10-6 s-1 
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Spectroscopic Identification of Arylpalladium(II) Arylsilanolate Complexes 
(tert-butylphosphine)(4-trifluoromethylphenyl)[1-phenyl-1,1’-dimethylsilanolato]palladium 
(88) 
Pd(t-Bu)3P O
CF3
Si
Me Me
H
in situ
Pd(t-Bu)3P Br
CF3
84
K+85– (0.97 equiv)
CD2Cl2, rt
88  
 Following General Procedure XVI, 84 (14.1 mg, 0.0358 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+85– (6.7 mg, 0.0351 mmol, 0.95 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 88:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.59 (br s, 2 H), 7.47 (d, 2 H, J = 5.9 Hz), 7.31 (br s, 2 H), 7.15 (d, 2 H, J = 6.6 
Hz) 1.43 (d, 28 H, J = 12.0 Hz), 0.05 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  141.9, 136.8, 133.3, 128.0, 127.3, 122.6, 39.6 (d, JCP = 11.7 Hz), 31.5, 2.1 
 19F NMR: (470 MHz, CD2Cl2) 
  -62.8 
31P NMR:  (202 MHz, CD2Cl2) 
  65.7 
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(tert-butylphosphine)(4-trifluoromethylphenyl)[1-(4-trifluormethylphenyl)-1,1’-
dimethylsilanolato]palladium (89) 
Pd(t-Bu)3P O
CF3
Si
Me Me
CF3
in situ
Pd(t-Bu)3P Br
CF3
84
K+51– (0.97 equiv)
CD2Cl2, rt
89  
 Following General Procedure XVI, 84 (23.4 mg, 0.0438 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+51– (11.1 mg, 0.0430 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 89:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.59 (br s, 2 H), 7.48 (br s, 2 H), 7.39 (br s, 2 H), 7.07 (br s, 2 H), 1.38 (br d, 27 
H, JPH = 11.5 Hz), 0.00 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  151.4, 150.7, 141.6, 136.6, 133.5, 123.6, 122.7, 39.6 (d, JCP = 11.7 Hz), 31.4, 2.0 
 19F NMR: (470 MHz, CD2Cl2) 
  -62.8, -63.4 
31P NMR:  (202 MHz, CD2Cl2) 
  66.0 
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(tert-butylphosphine)(4-trifluoromethylphenyl)[1-(4-methoxyphenyl)-1,1’-
dimethylsilanolato]palladium (87) 
Pd(t-Bu)3P O
CF3
Si
Me Me
CF3
in situ
Pd(t-Bu)3P Br
CF3
84
K+39– (0.97 equiv)
CD2Cl2, rt
87  
 Following General Procedure XVI, 84 (19.9 mg, 0.0373 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+39– (8.0 mg, 0.0365 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 87:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.42 (br s, 4 H), 7.10 (br s, 2 H), 6.81 (br s, 2 H), 3.78 (s, 3 H), 1.38 (br d, 27 H, 
JCP = 11.5 Hz), -0.04 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  160.0, 142.0, 136.8, 134.7, 122.6, 112.7, 55.0, 39.6 (d, JCP = 12.7 Hz), 31.5, 2.3 
 19F NMR: (470 MHz, CD2Cl2) 
  -62.7 
31P NMR:  (202 MHz, CD2Cl2) 
  65.7 
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(tert-butylphosphine)(4-fluorophenyl)[1-(4-trifluoromethylphenyl)-1,1’-
dimethylsilanolato]palladium (91) 
Pd(t-Bu)3P O
F
Si
Me Me
CF3
in situ
Pd(t-Bu)3P Br
F
68
K+51– (0.97 equiv)
CD2Cl2, rt
91  
 Following General Procedure XVI, 68 (13.6mg, 0.0281 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+51– (7.1 mg, 0.0275 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 91:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.67 (d, 2 H, J = 6.7 Hz), 7.51 (d, 2 H, J = 6.7 Hz), 7.09 (br s, 2 H), 6.65 (app t, 2 
H, J = 8.3 Hz), 1.30 (d, 27 H, JPH = 12.2 Hz), -0.04 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  160.8 (d, JCF = 239 Hz), 136.5 (q, JCF = 3.0 Hz), 133.7, 126.3, 124.3 (app q), 123.7 
(d, JCF = 3.9 Hz), 113.5 (d, JCF = 20 Hz), 39.6 (d, JCP = 12.7 Hz), 31.5, 1.79 
 19F NMR: (470 MHz, CD2Cl2) 
  -63.2, -123.4 
31P NMR:  (202 MHz, CD2Cl2) 
  64.4 
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(tert-butylphosphine)(phenyl)[1-(4-butoxyphenyl)-1,1’-dimethylsilanolato]palladium (92b) 
Pd(t-Bu)3P O
H
Si
Me Me
OBu
in situ
Pd(t-Bu)3P Br
H
83
K+86– (0.97 equiv)
CD2Cl2, rt
92b  
 Following General Procedure XVI, 83 (22.9 mg, 0.0492 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+86– (12.6 mg, 0.0481 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 92b:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.48 (br s, 2 H), 7.24 (br s, 2 H), 6.81-6.85 (m, 4 H), 3.96 (s, 3 H), 1.75 (br s, 2 
H), 1.38 (d, 27 H, JCP = 11.5 Hz), 0.98 (br s, 2 H), -0.06 (s, 6 H) 
 13C NMR: (126 MHz, CD2Cl2) 
  159.0, 137.2, 136.5, 135.6, 134.7, 126.7, 123.6, 113.2, 67.2, 39.5 (d, JCP = 11.7 
Hz), 31.6, 19.3, 13.9, 2.4  
31P NMR:  (202 MHz, CD2Cl2) 
  66.6 
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(tert-butylphosphine)(phenyl)[1-phenyl-1,1’-dimethylsilanolato]palladium (93) 
Pd(t-Bu)3P O
H
Si
Me Me
H
in situ
Pd(t-Bu)3P Br
H
83
K+85– (0.97 equiv)
CD2Cl2, rt
93  
 Following General Procedure XVI, 83 (22.2 mg, 0.0477 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+85– (8.9 mg, 0.0467 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 93:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.60 (br s, 2 H), 7.26 (br s, 5 H), 6.85 (br s, 3 H), 1.37 (d, 27 H, JPH = 10.7 Hz), 
0.02 (s, 6 H) 
 13C NMR: (126 MHz, CD2Cl2) 
  145.6, 136.5, 135.4, 133.4, 127.9, 127.2, 126.7, 123.6, 39.4 (app. s ), 31.5, 1.9 
31P NMR:  (202 MHz, CD2Cl2) 
  65.6 
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(tert-butylphosphine)(4-methoxyphenyl)[1-(4-trifluoromethylphenyl)-1,1’-
dimethylsilanolato]palladium (97) 
Pd(t-Bu)3P O
OMe
Si
Me Me
CF3
in situ
Pd(t-Bu)3P Br
OMe
82
K+51– (0.97 equiv)
CD2Cl2, rt
97  
 Following General Procedure XVI, 82 (20.3 mg, 0.0409 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+51– (10.3 mg, 0.0401 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 97:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.67 (d, 2 H, J = 6.1 Hz), 7.49 (d, 2 H, J = 6.7 Hz), 7.04 (d, 2 H, J = 6.8 Hz), 6.50 
(d, 2 H, J = 7.5 Hz), 3.70 (s, 3 H), 1.37 (d, 27 H, JPH = 12.2 Hz), 0.02 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  156.7, 151.5, 135.9, 133.7, 128.9 (q, JCF = 30.3 Hz), 123.5, 122.0, 112.4, 55.0, 
39.4 (d, JCP = 10.7 Hz), 31.5, 2.0 
 19F NMR: (470 MHz, CD2Cl2) 
  -63.3 
31P NMR:  (202 MHz, CD2Cl2) 
  66.5 
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(tert-butylphosphine)(phenyl)[1-(4-trifluoromethylphenyl)-1,1’-
dimethylsilanolato]palladium (94) 
Pd(t-Bu)3P O
H
Si
Me Me
CF3
in situ
Pd(t-Bu)3P Br
H
83
K+51– (0.97 equiv)
CD2Cl2, rt
94  
 Following General Procedure XVI, 83 (20.3 mg, 0.0436 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+51– (11.0 mg, 0.0427 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 94:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.68 (br s, 2 H), 7.51 (br s, 2 H), 7.20 (br s, 2 H), 6.85 (br s, 3 H), 1.37 (d, 27 H, 
JPH = 11.5 Hz), 0.03 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  151.1, 136.5, 135.9, 133.8, 129.3 (q, JCF = 31.3 Hz), 126.9, 123.8, 123.7, 39.6 (d, 
JCP = 12.7 Hz), 31.6, 1.9 
 19F NMR: (470 MHz, CD2Cl2) 
  -63.3 
31P NMR:  (202 MHz, CD2Cl2) 
  66.9 
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(tert-butylphosphine)(phenyl)[1-(4-methoxyphenyl)-1,1’-dimethylsilanolato]palladium (92) 
Pd(t-Bu)3P O
H
Si
Me Me
OMe
in situ
Pd(t-Bu)3P Br
H
83
K+39– (0.97 equiv)
CD2Cl2, rt
92  
 Following General Procedure XVI, 83 (17.6 mg, 0.0378 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+39– (8.2 mg, 0.0370 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 92:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.51 (d, 2 H, J = 6.6 Hz), 7.21 (br s, 2 H), 6.85 (5 H), 3.77 (s, 3 H), 1.32 (d, 27 H, 
JPH = 11.7 Hz), -0.08 (s, 6 H) 
 13C NMR: (126 MHz, CD2Cl2) 
  159.6, 136.6, 135.9, 135.5, 134.8, 126.8, 123.6, 112.8, 55.0, 39.6 (d, JCP = 11.7 
Hz), 31.7, 2.2 
31P NMR:  (202 MHz, CD2Cl2) 
  66.6 
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(tert-butylphosphine)(4-methoxyphenyl)[1-(4-methoxyphenyl)-1,1’-
dimethylsilanolato]palladium (95) 
Pd(t-Bu)3P O
OMe
Si
Me Me
OMe
in situ
Pd(t-Bu)3P Br
OMe
82
K+39– (0.97 equiv)
CD2Cl2, rt
95  
 Following General Procedure XVI, 82 (19.9 mg, 0.0401 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+39– (8.6 mg, 0.0393 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 95:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.49 (d, 2 H, J = 5.8 Hz), 7.08 (d, 2 H, J = 6.1 Hz), 6.81 (d, 2 H, J = 6.1 Hz), 6.52 
(d, 2 H, J = 6.5 Hz), 3.78 (s, 3 H), 3.71 (s, 3 H), 1.37 (d, 27 H, JPH = 11.7 Hz), -
0.02 
 13C NMR: (126 MHz, CD2Cl2) 
  159.5, 156.7, 137.4, 136.1, 134.8, 122.4, 112.7, 112.4, 55.1, 55.0, 39.5 (d, JCP  
=11.7 Hz), 31.6, 2.4 
31P NMR:  (202 MHz, CD2Cl2) 
  66.3 
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(tert-butylphosphine)(4-methoxyphenyl)[1-phenyl-1,1’-dimethylsilanolato]palladium (96) 
Pd(t-Bu)3P O
OMe
Si
Me Me
H
in situ
Pd(t-Bu)3P Br
OMe
82
K+85– (0.97 equiv)
CD2Cl2, rt
96  
 Following General Procedure XVI, 82 (16.2 mg, 0.0327 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+85– (6.1 mg, 0.0320 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 96:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.60 (br s, 2 H), 7.27 (br s, 3 H), 7.03 (br s, 2 H), 6.49 (br s, 2 H), 3.68 (s, 3 H), 
1.30 (d, 27 H, JPH = 9.8 Hz), 0.01 (s, 6 H) 
 13C NMR: (126 MHz, CD2Cl2) 
  156.8, 136.1, 133.5, 128.1, 127.3, 122.3, 112.4, 55.1, 39.5 (d, JCP = 11.7 Hz), 
31.6, 1.9 
31P NMR:  (202 MHz, CD2Cl2) 
  64.3 
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(tert-butylphosphine)(4-fluorophenyl)[1-phenyl-1,1’-dimethylsilanolato]palladium (90) 
Pd(t-Bu)3P O
F
Si
Me Me
H
in situ
Pd(t-Bu)3P Br
F
68
K+85– (0.97 equiv)
CD2Cl2, rt
90  
 Following General Procedure XVI, 68 (23.0 mg, 0.0475 mmol, 1.0 equiv) was dissolved 
in d2-methylene chloride (0.5 mL), followed by addition K+85– (8.8 mg, 0.0466 mmol, 0.98 
equiv) and d2-methylene chloride (0.2 mL) to afford an orange solution.  The sample was 
analyzed by 1H, 19F, and 31P NMR spectroscopy at room temperature then cooled to -30 °C for 
13C NMR analysis. 
Data for 90:200  
1H NMR:      (500 MHz, CD2Cl2) 
  7.58 (br s, 2 H), 7.26 (br s, 3 H), 7.17 (br s, 2 H), 6.68 (app t, 2 H, J = 8.1 Hz), 
1.37 (d, 27 H, JPH = 12.2 Hz), -0.02 (s, 6 H) 
13C NMR:201 (126 MHz, CD2Cl2) 
  160.8 (d, JCF = 240 Hz), 146.1, 136.6, 133.4, 127.9, 127.3, 126.6, 113.4 (d, JCF = 
20.5 Hz), 39.6 (d, JCP = 12.8 Hz), 31.6, 2.1 
 19F NMR: (470 MHz, CD2Cl2) 
  -123.6 
31P NMR:  (202 MHz, CD2Cl2) 
  65.6 
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8.7. Chapter 6 Procedures 
GC Methods and Response Factors 
GC Method 5: Injections were made onto a Hewlett-Packard HP-1 50-m cross-linked 
1%-phenyl methyl silicone gum phase column. The injector and detector temperature were 250 
°C. The column oven temperature was as follows 160 °C (5 min) to 225 °C ramp at 50 °C/min, 
250 °C for 2.0 min, total run time was 9.5 min. Retention times (tR) and integrated ratios were 
obtained from reporting integrators.  
Response factors (Rf) for quantitative GC analysis for GC Method 5 were obtained by the 
equation below: 
Eq1: Response factor for A = (mmol A * area biphenyl)/(area A * mmol biphenyl) 
 
mmol of 114 Area of 114 mmol of IS Area of IS  Response Factor 
0.034 237324 0.0679 303762  0.641 
0.034 309020 0.0679 388462  0.629 
0.034 303638 0.0679 386788  0.638 
0.032 249183 0.0609 310052  0.654 
0.032 248397 0.0609 296674  0.628 
0.032 251352 0.0609 310286  0.649 
0.034 255368 0.0858 395192  0.613 
0.034 251816 0.0858 390092  0.614 
0.034 260637 0.0858 409904  0.623 
      
   AVG Rf  0.632 
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Preparation of Starting Materials  
Preparation of [Tetramethylethylenediamine]iodo(2-methylphenyl)palladium (105)130 
Pd
IN
N
H3C CH3
H3C CH3
CH3Pd(dba)2 TMEDA
I
CH3
1
2
3
4
5
6
7
1'
2'
105
3' 4'
5' 6'
 
 In a drybox, a 35-mL, one-necked, round-bottomed flask was charged with Pd(dba)2 
(1.15 g, 2.0 mmol), tetramethylethylenediamine (0.39 mL, 2.6 mmol, 1.3 equiv), benzene (10 
mL) and 2-iodotoluene (0.36 mL, 2.8 mmol, 1.4 equiv) The flask was sealed with a septum, 
removed from the drybox, and heated in an oil bath at 50 0C for 2 h. The flask was returned to 
the drybox and the reaction mixture was filtered through 2 g of diatomaceous earth. All solvents 
were then removed in vacuo. Ether (20 mL) was added to the resulting yellow solids and the 
mixture was stirred for 5 min. The supernatant was then removed by pipette. This washing 
process was repeated 3 times and the solids were collected on a glass fritted funnel, and were 
dried under vacuum (0.1 mm Hg) overnight to afford 362 mg (41%) of 105 as a pale orange 
powder. 
Data for 105: 
 mp: 179-181 0C (dec) 
 1H NMR: (500 MHz, C6H6) 
7.43 (d, J = 7.5, 1 H, HC(2)), 7.03 (d, J = 7.5, 1 H, HC(5)), 6.91-6.98 (m, 2 H, 
HC(3 and 4)), 2.92 (s, 3 H, H3C(3’,4’,5’ or 6’)), 2.25 (s, 3 H, H3C(7), 2.16 (s, 3 H, 
H3C(3’,4’,5’ or 6’)), 1.71 (s, 3 H, H3C(3’,4’,5’ or 6’)), 1.64 (t, J = 9.5, 1 H, 
H2C(1’ or 2’)),  1.53 (t, J = 9.5, 1 H, H2C(1’ or 2’)),  1.45 (s, 3 H, H3C(3’,4’,5’ or 
6’)), 1.30 (t, J = 9.5, 2 H, H2C(1’ or 2’))   
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 13C NMR: (126 MHz, C6H6) 
  145.7 (C(1)), 142.2 (C(6)), 136.1 (C(4)), 127.3 (C(3)), 123.9 (C(5)), 123.0 (C(2)), 
61.2 (C(1’ or 2’)), 57.4 (C(1’ or 2’)), 49.9 (C(3’, 4’, 5’, or 6’)),  49.4 (C(3’, 4’, 5’, 
or 6’)),  48.1 (C(3’, 4’, 5’, or 6’)),  47.9 (C(3’, 4’, 5’, or 6’)), 28.3 (C(7)) 
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General Procedure XVII: Thermolysis of Bidentate Arylpalladium(II) Arylsilanolate 
Complexes in the Presence of CuTC (Table 21) 
Table 21, entry 1, run 1 
Pd
Ph2
P
P
Ph2
O
Me
Si
Me
Me
OMe
107
CuTc (10 mol %)
PhCF3, 100 °C
MeO
Me
41j
Br
Me (3.3 equiv)
 
In a drybox, a one-necked, 5-mL round-bottomed flask with a magnetic stir bar and fitted 
with a reflux condenser and three-way stop-cock (fitted with an argon inlet and a rubber septum) 
was charged with naphthalene (10.8 mg), 107 (39 mg, 0.05 mmol) and PhCF3 (3.0 mL).  The 
resulting components were mixed until complete dissolution of the solids was observed.  2-
bromotoluene (20 µL, 0.16 mmol, 3.3 equiv), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and dry 
benzotrifluoride (1.0 mL) were then added.  The flask was removed from the drybox, purged 
with argon, and then was placed in a 100 0C oil bath. Reaction progress was monitored by GC 
analysis. Sampling of the reaction was performed by removing 100 µL aliquots of the mixture by 
syringe and quenching the aliquots at regular intervals. The quench was performed as follows: 
the aliquot was injected into 100 µL of a 10% aqueous solution of 2-dimethylaminoethanethiol 
hydrochloride. This yellow solution was diluted with 1.0 mL of ethyl acetate and the organic 
phase was filtered through a 0.5 x 1.0 cm plug of silica gel. The filtrate was analyzed by GC 
Method 5: Naphthalene, tR 1.70 min; 41j, tR 5.65 min (HP-1, 170 0C (5 min), 50 0C/min, 225 0C 
(2 min), 16 psi) 
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time, min area naph area 41j mmol 41j time mmol 41j 
1 13982 0 0.00   
1 12629 0 0.00 1 0.00 
1 13743 0 0.00   
1.5 15342 0 0.00   
1.5 14956 0 0.00 1.5 0.00 
1.5 15337 0 0.00   
2 15752 0 0.00   
2 15691 0 0.00 2 0.00 
2 16465 0 0.00   
2.5 15891 0 0.00   
2.5 16530 0 0.00 2.5 0.00 
2.5 15498 0 0.00   
3 16561 0 0.00   
3 16078 0 0.00 3 0.00 
3 15308 0 0.00   
3.5 14274 0 0.00   
3.5 13965 0 0.00 3.5 0.00 
3.5 13767 0 0.00   
4 14218 807 5.92   
4 14989 822 5.72 4 5.85 
4 14651 829 5.90   
4.5 15307 992 6.76   
4.5 15554 1147 7.69 4.5 7.09 
4.5 15563 1017 6.82   
5 15227 1194 8.18   
5 15441 1154 7.80 5 7.94 
5 15887 1196 7.85   
5.5 14950 1354 9.45   
5.5 14832 1377 9.68 5.5 9.75 
5.5 14938 1449 10.12   
6 11950 1165 10.17   
6 12797 1241 10.11 6 10.23 
6 11689 1167 10.41   
6.5 13729 1537 11.68   
6.5 14829 1582 11.13 6.5 11.52 
6.5 13936 1570 11.75   
7 10775 1303 12.61   
7 10486 1281 12.74 7 12.56 
7 10780 1273 12.32   
7.5 16382 1997 12.71   
7.5 15474 1958 13.20 7.5 13.05 
7.5 15253 1937 13.25   
8 12450 1667 13.97   
8 12195 1658 14.18 8 14.09 
8 12449 1684 14.11   
8.5 16721 2288 14.27   
8.5 14744 2175 15.39 8.5 14.75 
8.5 16419 2295 14.58   
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 kobs = 8.29 x 10-3 mM/s 
 
Table 21, entry 1, run 2 (dppe)  
Following General Procedure XVII, a mixture of 107 (39 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (9.4 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
time, min area naph area cross umol 41j time, min umol 41j 
1 9987 0 0.00   
1 9987 0 0.00 1 0.00 
1 9987 0 0.00   
1.5 10687 0 0.00   
1.5 10687 0 0.00 1.5 0.00 
1.5 10687 0 0.00   
2 11730 0 0.00   
2 11730 0 0.00 2 0.00 
2 11730 0 0.00   
2.5 11362 0 0.00   
2.5 11362 0 0.00 2.5 0.00 
2.5 11362 0 0.00   
3 13764 0 0.00   
3 13764 0 0.00 3 0.00 
3 13764 0 0.00   
3.5 12200 786 5.01   
3.5 12200 786 5.01 3.5 5.01 
3.5 12200 786 5.01   
4 13444 899 5.20   
4 13444 899 5.20 4 5.20 
4 13444 899 5.20   
4.5 13288 1078 6.31   
4.5 13288 1078 6.31 4.5 6.31 
4.5 13288 1078 6.31   
5 12510 1173 7.30   
5 12510 1173 7.30 5 7.30 
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5 12510 1173 7.30   
5.5 15190 1584 8.11   
5.5 15190 1584 8.11 5.5 8.11 
5.5 15190 1584 8.11   
6 12974 1656 9.93   
6 12974 1656 9.93 6 9.93 
6 12974 1656 9.93   
6.5 14135 1977 10.88   
6.5 14135 1977 10.88 6.5 10.88 
6.5 14135 1977 10.88   
7 13322 2059 12.03   
7 13322 2059 12.03 7 12.03 
7 13322 2059 12.03   
7.5 13500 2181 12.57   
7.5 13500 2181 12.57 7.5 12.57 
7.5 13500 2181 12.57   
8 13534 2415 13.89   
8 13534 2415 13.89 8 13.89 
8 13534 2415 13.89   
kobs = 8.70 x 10-3 mM/s 
 
Table 21, entry 1, run 2 (dppe)  
Following General Procedure XVII, a mixture of 107 (39 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (12.5 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
time area naph area cross µmol 41j time µmol 41j 
1 11884 0 0.00   
1 11856 0 0.00 1 0.00 
1 12754 0 0.00   
1.5 14133 0 0.00   
1.5 14060 0 0.00 1.5 0.00 
1.5 13438 0 0.00   
2 11943 0 0.00   
2 12053 0 0.00 2 0.00 
2 12700 0 0.00   
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2.5 14775 0 0.00   
2.5 14223 0 0.00 2.5 0.00 
2.5 12835 0 0.00   
3 12953 0 0.00   
3 12706 0 0.00 3 0.00 
3 13666 0 0.00   
3.5 14856 0 0.00   
3.5 14319 0 0.00 3.5 0.00 
3.5 13971 0 0.00   
4 14531 0 0.00   
4 13881 0 0.00 4 0.00 
4 13108 0 0.00   
4.5 14414 778 5.59   
4.5 14368 747 5.38 4.5 5.83 
4.5 12801 808 6.53   
5 13924 882 6.55   
5 13598 903 6.87 5 6.81 
5 12839 868 7.00   
5.5 11142 855 7.94   
5.5 11559 892 7.99 5.5 7.81 
5.5 11698 848 7.50   
6 14108 1139 8.35   
6 13380 1218 9.42 6 8.84 
6 13350 1128 8.74   
6.5 13874 1255 9.36   
6.5 13281 1213 9.45 6.5 9.44 
6.5 13071 1200 9.50   
7 13096 1278 10.10   
7 13186 1378 10.81 7 10.24 
7 13266 1256 9.80   
7.5 13680 1483 11.22   
7.5 13744 1450 10.92 7.5 10.98 
7.5 14110 1474 10.81   
8 15048 1652 11.36   
8 14406 1665 11.96 8 11.99 
8 13130 1606 12.66   
8.5 12996 1696 13.50   
8.5 12773 1673 13.55 8.5 13.25 
8.5 14610 1793 12.70   
9 14361 1929 13.90   
9 13733 1890 14.24 9 14.10 
9 13576 1859 14.17   
9.5 16056 2173 14.00   
9.5 15258 2110 14.31 9.5 14.11 
9.5 15439 2092 14.02   
10 11778 1772 15.57   
10 10675 1714 16.61 10 16.40 
10 10264 1689 17.03   
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 kobs = 7.46 x 10-3 mM/s 
 
avg. kobs  = 8.15 x 10-3 mM/s 
 
Table 21, entry 3, run 1 (dppf)  
Following General Procedure XVII, a mixture of 108 (47 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (9.6 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
time, min mg naph area naph area 41j umol 41j time, min umol 41j 
1 9.6 8703 901 8.23   
1 9.6 8804 1005 9.07 1 8.45 
1 9.6 8621 875 8.07   
1.5 9.6 12133 2886 18.90   
1.5 9.6 12211 2898 18.86 1.5 18.83 
1.5 9.6 12280 2896 18.74   
2 9.6 11164 4264 30.35   
2 9.6 10464 4141 31.45 2 31.04 
2 9.6 10852 4278 31.33   
2.5 9.6 13353 5389 32.07   
kobs = 9.42 x 10-2 mM/s 
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Table 21, entry 3, run 2 (dppf)  
Following General Procedure XVII, a mixture of 108 (47 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (9.3 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
time, min area naph area 41j umol 41j time, min umol 41j 
1 11121 1504 10.41   
1 11049 1671 11.64 1 10.66 
1 11176 1442 9.93   
1.5 9784 3264 25.68   
1.5 11020 3398 23.74 1.5 24.33 
1.5 10511 3216 23.56   
2 11524 5580 37.28   
2 11378 5439 36.80 2 36.89 
2 11581 5504 36.59   
2.5 10959 6705 47.10   
2.5 11810 6720 43.81 2.5 44.54 
2.5 12496 6935 42.73   
3 7489 4751 48.84   
3 7178 4715 50.57 3 48.92 
3 7551 4645 47.36   
3.5 11200 7560 51.97   
3.5 11815 7621 49.66 3.5 50.79 
3.5 11433 7538 50.76   
4 3895 3023 59.75   
4 3892 2712 53.64 4 55.10 
4 4036 2721 51.90   
4.5 8643 6190 55.14   
4.5 8528 6088 54.96 4.5 54.31 
4.5 8869 6085 52.82   
 kobs = 9.50 x 10-2 mM/s 
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Table 21, entry 3, run 3 (dppf)  
Following General Procedure XVII, a mixture of 108 (47 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (8.9 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
time, min mg naph area naph area 41j umol 41j time, min umol 41j 
0.5 8.9 29670 1098 2.73   
0.5 8.9 28296 890 2.32 0.5 2.46 
0.5 8.9 28533 899 2.32   
1 8.9 36631 5641 11.35   
1 8.9 35237 5490 11.48 1 11.47 
1 8.9 35263 5539 11.57   
1.5 8.9 40480 14620 26.61   
1.5 8.9 40140 14404 26.44 1.5 26.71 
1.5 8.9 39716 14598 27.08   
2 8.9 28674 15081 38.75   
2 8.9 28328 15643 40.68 2 40.15 
2 8.9 28665 15959 41.02   
2.5 8.9 35983 22214 45.48   
2.5 8.9 34904 22078 46.60 2.5 46.12 
2.5 8.9 35568 22339 46.27   
3 8.9 34416 23862 51.08   
3 8.9 34650 23379 49.71 3 50.28 
3 8.9 33154 22528 50.06   
3.5 8.9 36410 25991 52.59   
3.5 8.9 35944 26238 53.78 3.5 53.00 
3.5 8.9 36668 26189 52.62   
4 8.9 38076 28150 54.47   
4 8.9 37748 28074 54.79 4 54.85 
4 8.9 37743 28319 55.28   
4.5 8.9 37307 27890 55.08   
4.5 8.9 37018 27564 54.86 4.5 55.08 
4.5 8.9 37223 27945 55.31   
5 8.9 37284 28319 55.96   
5 8.9 36551 27972 56.38 5 56.61 
5 8.9 36906 28798 57.49   
kobs = 9.67 x 10-2 mM/s, avg. kobs = 9.21 x 10-2 mM/s 
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Table 21, entry 4, run 1 (dppbenzene)  
Following General Procedure XVII, a mixture of 109 (41 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (8.7 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis.  No product 
formation was observed after 3 h of heating. 
 
Table 21, entry 4, run 2 (dppbenzene)  
Following General Procedure XVII, a mixture of 109 (41 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (12.8 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 0.16 
mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis.  No product 
formation was observed after 3 h of heating. 
 
Thermolysis of Bidentate Arylpalladium(II) Arylsilanolate Complexes in the Presence of 
Ni(COD)2 (Scheme 45) 
Scheme 45, run 1 (dppp) 
Following General Procedure XVII, a mixture of 104 (43 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (12.8 mg), Ni(COD)2 (1.4 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 
0.16 mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature 
followed by stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
time, min mg naph area naph area 41j umol 41j time, min umol 41j 
1 13.3 13576 0 0.00   
1 13.3 14396 0 0.00 1 0.00 
1 13.3 14993 0 0.00   
2 13.3 15429 0 0.00   
2 13.3 16131 0 0.00 2 0.00 
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2 13.3 16315 0 0.00   
3 13.3 16150 0 0.00   
3 13.3 15700 0 0.00 3 0.00 
3 13.3 16487 0 0.00   
4 13.3 16108 1156 7.90   
4 13.3 16745 1108 7.29 4 7.43 
4 13.3 16452 1062 7.11   
5 13.3 17717 1671 10.38   
5 13.3 16776 1526 10.01 5 10.05 
5 13.3 16664 1475 9.75   
6 13.3 17461 1963 12.38   
6 13.3 17202 1900 12.16 6 12.37 
6 13.3 16985 1941 12.58   
7 13.3 14804 2086 15.51   
7 13.3 15700 1983 13.91 7 14.56 
7 13.3 15560 2015 14.26   
8 13.3 16261 2415 16.35   
8 13.3 14688 2445 18.33 8 16.91 
8 13.3 16292 2374 16.04   
9 13.3 11835 2090 19.44   
9 13.3 10556 1731 18.05 9 18.65 
9 13.3 7549 1265 18.45   
10 13.3 5225 962 20.27   
10 13.3 5607 1050 20.62 10 20.59 
10 13.3 7766 1472 20.87   
kobs = 9.13 x 10-3 mM/s 
 
Scheme 45, run 2 (dppp) 
Following General Procedure XVII, a mixture of 104 (43 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (10.7 mg), Ni(COD)2 (1.4 mg, 0.005 mmol, 0.1 equiv) and 2-bromotoluene (20 µL, 
0.16 mmol, 3.3 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature 
followed by stirring at 105 °C. Aliquots of the mixture were then taken for GC analysis. 
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time mg naph time umol 41j 
1 12.7   
1 12.7 1 0.00 
1 12.7   
2 12.7   
2 12.7 2 0.00 
2 12.7   
3 12.7   
3 12.7 3 4.93 
3 12.7   
4 12.7   
4 12.7 4 8.61 
4 12.7   
5 12.7   
5 12.7 5 11.53 
5 12.7   
6 12.7   
6 12.7 6 14.20 
6 12.7   
7 12.7   
7 12.7 7 15.82 
7 12.7   
8 12.7   
8 12.7 8 17.37 
8 12.7   
9 12.7   
9 12.7 9 18.59 
9 12.7   
10 12.7   
10 12.7 10 19.76 
10 12.7   
kobs = 7.54 x 10-3 mM/s 
avg kobs = 8.30 x 10-3 mM/s 
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General Procedure XVIII: Analysis and Kinetic Measurements for Cross-Coupling of 
K+110– (Table 24) 
(Table 24, entry 1, run 1) 
K+110–  80 mM 
2-iodotoluene  80 mM 
APC   3.6 mM (Pd) 
dppp(O)2  3.6 mM 
PhPh
Si
O-K+
Me Me
I
Me
K+110– 117j 114j
Me
[allylPdCl]2
dppp(O)2
C6H5CF3, 40 °C
 
 In a drybox, a one-necked, 5-mL round-bottomed flask with a magnetic stir bar and fitted 
with a reflux condenser and three-way stop-cock (fitted with an argon inlet and a rubber septum) 
was charged with naphthalene (9.2 mg), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 
(3.2  mg, 0.0072 mmol, 0.045 equiv), 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) and dry 
benzotrifluoride (2.0 mL). The flask was removed from the drybox, the stopcock evacuated and 
purged with argon.  To this solution was added K+110– (35 mg, 0.16 mmol, 1.00 equiv) by 
quickly removing the adapter and adding the silanolate as a solid.  The rb was placed in a 40 0C 
oil bath. Reaction progress was monitored by GC analysis. Sampling of the reaction was 
performed by removing 50 µL aliquots of the mixture by syringe and quenching the aliquots at 
regular intervals.202 The quench was performed as follows: the aliquot was injected into 100 µL 
of a 10% aqueous solution of 2-dimethylaminoethanethiol hydrochloride. This yellow solution 
was diluted with 1.0 mL of ethyl acetate and the organic phase was filtered through a 0.5 x 1.0 
cm plug of silica gel. The filtrate was analyzed by GC Method 5: Naphthalene, tR 1.70 min; 114j, 
tR 7.25 min (HP-1, 160 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi) 
           
487 
 
time 
mmol 
naph area naph 
area 
114j 
mmol 
114j time 
mmol 
cross 
% 
conversion 
2 0.0718 34941 7970 10.38    
2 0.0718 35110 8012 10.39 2 10.39 6.49 
2 0.0718 34612 7908 10.40    
3 0.0718 35391 11262 14.49    
3 0.0718 35270 11237 14.50 3 14.53 9.08 
3 0.0718 34996 11217 14.59    
4 0.0718 32648 13116 18.29    
4 0.0718 32848 13359 18.51 4 18.36 11.47 
4 0.0718 32687 13117 18.27    
5 0.0718 32660 15827 22.06    
5 0.0718 32522 15904 22.26 5 22.17 13.86 
5 0.0718 32471 15824 22.18    
6 0.0718 37828 21382 25.73    
6 0.0718 37939 21660 25.99 6 25.84 16.15 
6 0.0718 38015 21541 25.79    
7 0.0718 34009 23892 31.98    
7 0.0718 34107 22801 30.43 7 30.80 19.25 
7 0.0718 33650 22168 29.99    
8 0.0718 32167 23860 33.77    
8 0.0718 32148 23776 33.67 8 33.94 21.21 
8 0.0718 32086 24232 34.38    
9 0.0718 32075 26366 37.42    
9 0.0718 32122 26228 37.17 9 37.34 23.34 
9 0.0718 32105 26403 37.44    
10 0.0718 32600 29584 41.31    
10 0.0718 32145 29116 41.23 10 41.30 25.81 
10 0.0718 32389 29420 41.35    
11 0.0718 34881 34607 45.16    
11 0.0718 34778 34860 45.63 11 45.35 28.35 
11 0.0718 34476 34283 45.27    
12 0.0718 33971 36734 49.22    
12 0.0718 33586 36163 49.01 12 49.21 30.75 
12 0.0718 33922 36797 49.38    
 
 kobs = k[Pd] = 3.22 x 10-2 mM/s 
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Order in K+110– with APC/dppp(O)2 (60 mM) 
K+110–  60 mM 
2-iodotoluene  80 mM 
APC   3.6 mM (Pd) 
dppp(O)2  3.6 mM 
 
Table 24, entry 2, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (26 mg, 0.12 mmol, 
0.75 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (9.3 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol 
114j time 
mmol 
cross 
2 0.0726 33568 6455 8.85   
2 0.0726 33787 5326 7.26 2 7.74 
2 0.0726 34051 5257 7.11   
3 0.0726 33588 8381 11.49   
3 0.0726 33642 8481 11.60 3 11.48 
3 0.0726 33766 8336 11.36   
4 0.0726 32969 11076 15.46   
4 0.0726 33500 11543 15.86 4 15.60 
4 0.0726 33418 11247 15.49   
5 0.0726 33454 14191 19.52   
5 0.0726 33354 14179 19.57 5 19.63 
5 0.0726 33335 14329 19.79   
6 0.0726 33292 17148 23.71   
6 0.0726 33425 16853 23.21 6 23.25 
6 0.0726 33372 16553 22.83   
7 0.0726 33112 19265 26.78   
7 0.0726 33301 19805 27.37 7 27.12 
7 0.0726 33353 19709 27.20   
8 0.0726 32662 22089 31.13   
8 0.0726 32078 21909 31.44 8 31.23 
8 0.0726 32380 21888 31.11   
9 0.0726 32347 24819 35.32   
9 0.0726 32443 24918 35.35 9 35.23 
9 0.0726 32509 24728 35.01   
10 0.0726 32308 27353 38.97   
10 0.0726 31777 27334 39.59 10 39.66 
10 0.0726 31978 28083 40.42   
11 0.0726 29904 28232 43.45   
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11 0.0726 32735 30943 43.51 11 43.47 
11 0.0726 32809 30958 43.43   
12 0.0726 30002 31462 48.27   
12 0.0726 29153 31212 49.28 12 49.20 
12 0.0726 29290 31847 50.05   
 kobs = 3.38 x 10-2 mM/s 
 
Table 24, entry 2, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (26 mg, 0.12 mmol, 
0.75 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (9.0 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol 
114j time 
mmol 
cross 
% 
conversion 
2 0.0702 36071 8982 11.08    
2 0.0702 36030 8315 10.27 2 10.47 6.55 
2 0.0702 36140 8172 10.06    
3 0.0702 34476 11362 14.67    
3 0.0702 34359 11267 14.59 3 14.57 9.10 
3 0.0702 34251 11110 14.44    
4 0.0702 35057 14985 19.02    
4 0.0702 34834 15104 19.30 4 19.10 11.94 
4 0.0702 34697 14797 18.98    
5 0.0702 35552 18817 23.56    
5 0.0702 35372 18462 23.23 5 23.42 14.64 
5 0.0702 35374 18650 23.47    
6 0.0702 37301 23920 28.54    
6 0.0702 37317 23866 28.46 6 28.55 17.84 
6 0.0702 37422 24087 28.65    
7 0.0702 35552 26824 33.58    
7 0.0702 36019 27162 33.56 7 33.77 21.11 
7 0.0702 35829 27512 34.18    
8 0.0702 35686 30395 37.91    
8 0.0702 35438 30307 38.06 8 38.48 24.05 
8 0.0702 35813 31770 39.48    
9 0.0702 35620 34603 43.24    
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9 0.0702 35515 34231 42.90 9 43.03 26.90 
9 0.0702 35514 34286 42.97    
10 0.0702 36533 37832 46.09    
10 0.0702 36245 37733 46.33 10 46.35 28.97 
10 0.0702 36578 38319 46.63    
11 0.0702 41504 45730 49.04    
11 0.0702 41030 45775 49.65 11 49.39 30.87 
11 0.0702 41185 45792 49.49    
12 0.0702 37667 42849 50.63    
12 0.0702 37342 42101 50.18 12 50.40 31.50 
12 0.0702 37377 42316 50.39    
 
kobs = k[Pd] = 3.56 x 10-2 mM/s 
 
Table 24, entry 2, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (26 mg, 0.12 mmol, 
0.75 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (9.1 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol 
114j time 
mmol 
cross 
% 
conversion 
1 0.071 45070 5074 5.07    
1 0.071 44966 5156 5.16 1 5.11 3.19 
1 0.071 45121 5118 5.11    
2 0.071 45220 9003 8.96    
2 0.071 45245 8942 8.90 2 8.89 5.56 
2 0.071 45158 8853 8.82    
3 0.071 41617 11119 12.03    
3 0.071 41934 11276 12.10 3 12.22 7.64 
3 0.071 41978 11680 12.52    
4 0.071 43601 15537 16.04    
4 0.071 43879 15602 16.01 4 16.01 10.01 
4 0.071 43958 15620 16.00    
5 0.071 42043 18760 20.09    
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5 0.071 42171 18844 20.11 5 20.32 12.70 
5 0.071 41899 19316 20.75    
6 0.071 40827 21793 24.03    
6 0.071 40877 21905 24.12 6 24.15 15.09 
6 0.071 41256 22266 24.29    
7 0.071 39898 24745 27.92    
7 0.071 39646 24948 28.33 7 28.21 17.63 
7 0.071 40062 25273 28.40    
8 0.071 41275 30451 33.21    
8 0.071 41561 30607 33.15 8 33.20 20.75 
8 0.071 41510 30647 33.23    
9 0.071 50803 43609 38.64    
9 0.071 50722 43408 38.52 9 38.50 24.06 
9 0.071 50418 42952 38.35    
10 0.071 43383 41267 42.82    
10 0.071 43590 41903 43.27 10 43.10 26.94 
10 0.071 43260 41535 43.22    
11 0.071 39204 40512 46.52    
11 0.071 39526 41243 46.97 11 46.59 29.12 
11 0.071 39075 40188 46.30    
 kobs = 3.54 x 10-2 mM/s 
avg. normalized rate = 3.49 mM/s   
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Table 24, entry 1, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (12.2 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol 
114j time 
mmol 
cross 
% 
conversion 
2 0.0952 46229 8021 10.47    
2 0.0952 47291 8903 11.36 2 10.78 6.74 
2 0.0952 47981 8348 10.50    
3 0.0952 44162 10890 14.88    
3 0.0952 44435 10704 14.54 3 14.73 9.21 
3 0.0952 44245 10834 14.78    
4 0.0952 40997 12827 18.88    
4 0.0952 41415 12696 18.50 4 18.65 11.66 
4 0.0952 41527 12769 18.56    
5 0.0952 44439 16671 22.64    
5 0.0952 44686 16266 21.97 5 22.36 13.97 
5 0.0952 45009 16753 22.47    
6 0.0952 18164 7394 24.57    
6 0.0952 18555 7246 23.57 6 24.06 15.04 
6 0.0952 18460 7350 24.03    
7 0.0952 45193 22388 29.90    
7 0.0952 47199 23093 29.53 7 29.67 18.54 
7 0.0952 47122 23096 29.58    
8 0.0952 45881 25914 34.09    
8 0.0952 46649 24871 32.18 8 32.92 20.58 
8 0.0952 47106 25359 32.49    
9 0.0952 47228 29186 37.30    
9 0.0952 48224 28878 36.14 9 36.50 22.81 
9 0.0952 48230 28815 36.06    
10 0.0952 48974 32976 40.64    
10 0.0952 51471 33747 39.57 10 40.13 25.08 
10 0.0952 51282 34125 40.16    
 kobs = 3.03 x 10-2 mM/s 
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Table 24, entry 1, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.6 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
2 0.0827 43698 7900 9.48   
2 0.0827 44980 7844 9.14 2 9.25 
2 0.0827 45351 7897 9.13   
3 0.0827 38315 9820 13.44   
3 0.0827 39144 9824 13.16 3 13.27 
3 0.0827 39551 9961 13.21   
4 0.0827 36174 11949 17.32   
4 0.0827 37081 11663 16.49 4 17.02 
4 0.0827 36757 12095 17.25   
5 0.0827 37521 15317 21.40   
5 0.0827 38437 15050 20.53 5 20.67 
5 0.0827 38946 14909 20.07   
6 0.0827 45304 20845 24.12   
6 0.0827 50445 22842 23.74 6 23.92 
6 0.0827 50318 22926 23.89   
7 0.0827 42058 22465 28.01   
7 0.0827 43065 22410 27.28 7 27.57 
7 0.0827 43197 22583 27.41   
8 0.0827 16169 9142 29.65   
8 0.0827 44742 26131 30.62 8 30.33 
8 0.0827 44613 26139 30.72   
9 0.0827 33521 22164 34.67   
9 0.0827 35026 22529 33.72 9 34.41 
9 0.0827 35247 23414 34.83   
10 0.0827 41210 29391 37.39   
10 0.0827 41935 29374 36.73 10 36.94 
10 0.0827 41542 29065 36.68   
 avg. normalize rate = 3.05 x 10-2 mM/min   
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Order in K+110– with APC/dppp(O)2 (160 mM) 
K+88–   160 mM 
2-iodotoluene  80 mM 
APC   3.6 mM (Pd) 
dppp(O)2  3.6 mM 
 
Table 24, entry 3, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (69 mg, 0.32 mmol, 
2.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.0 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.078 41887 10001 11.81    
2 0.078 44043 10205 11.46 2 11.61 7.26 
2 0.078 43848 10255 11.57    
3 0.078 33390 11749 17.40    
3 0.078 34815 11946 16.97 3 17.12 10.70 
3 0.078 34921 12000 16.99    
4 0.078 35358 16006 22.39    
4 0.078 36417 16341 22.19 4 22.27 13.92 
4 0.078 36255 16298 22.23    
5 0.078 36700 19958 26.89    
5 0.078 38024 20271 26.36 5 26.57 16.60 
5 0.078 38003 20322 26.44    
6 0.078 32310 20100 30.76    
6 0.078 33486 20483 30.25 6 30.63 19.14 
6 0.078 33322 20799 30.87    
7 0.078 38159 27739 35.95    
7 0.078 40132 28315 34.89 7 35.04 21.90 
7 0.078 39881 27646 34.28    
8 0.078 34709 26765 38.13    
8 0.078 35699 27700 38.37 8 38.14 23.84 
8 0.078 35570 27266 37.91    
9 0.078 36539 30235 40.92    
9 0.078 38215 31479 40.74 9 40.68 25.43 
9 0.078 37995 31034 40.39    
10 0.078 41276 36654 43.91    
10 0.078 43383 38448 43.83 10 43.71 27.32 
10 0.078 42873 37608 43.38    
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 kobs = 3.32 x 10-2 mM/s 
 
Table 24, entry 3, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (69 mg, 0.32 mmol, 
2.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.2 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0796 40687 8854 10.98    
2 0.0796 43412 9086 10.56 2 10.74 6.71 
2 0.0796 43197 9142 10.68    
3 0.0796 33310 11101 16.82    
3 0.0796 34925 10906 15.76 3 16.09 10.06 
3 0.0796 35394 11010 15.70    
4 0.0796 34108 14058 20.80    
4 0.0796 36066 14356 20.09 4 20.38 12.74 
4 0.0796 35963 14437 20.26    
5 0.0796 35733 17843 25.20    
5 0.0796 37153 18051 24.52 5 24.76 15.47 
5 0.0796 37714 18347 24.55    
6 0.0796 36082 20841 29.15    
6 0.0796 36772 20798 28.54 6 29.01 18.13 
6 0.0796 36834 21404 29.33    
7 0.0796 37387 24432 32.98    
7 0.0796 39056 25250 32.63 7 32.75 20.47 
7 0.0796 39133 25319 32.65    
8 0.0796 37605 27198 36.50    
8 0.0796 40802 29452 36.43 8 36.38 22.74 
8 0.0796 40454 29035 36.22    
9 0.0796 38238 29982 39.57    
9 0.0796 40013 31289 39.46 9 39.40 24.62 
9 0.0796 40400 31352 39.16    
10 0.0796 39658 33125 42.15    
10 0.0796 41482 34876 42.43 10 42.43 26.52 
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10 0.0796 41428 35069 42.72    
 kobs = 3.28 x 10-2 mM/s 
 
Table 24, entry 3, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (69 mg, 0.32 mmol, 
2.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.6 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0827 33567 7726 12.07    
2 0.0827 33457 7912 12.40 2 12.09 7.55 
2 0.0827 33588 7554 11.79    
3 0.0827 31824 10575 17.42    
3 0.0827 31867 10514 17.30 3 17.75 11.09 
3 0.0827 32359 11432 18.52    
4 0.0827 32389 13732 22.23    
4 0.0827 32796 14230 22.75 4 22.45 14.03 
4 0.0827 32714 13961 22.38    
5 0.0827 34004 17291 26.66    
5 0.0827 34394 17750 27.06 5 26.82 16.76 
5 0.0827 33745 17214 26.75    
6 0.0827 40424 23935 31.04    
6 0.0827 40283 23869 31.07 6 31.30 19.56 
6 0.0827 40649 24645 31.79    
7 0.0827 37479 24818 34.72    
7 0.0827 37250 24776 34.87 7 34.71 21.70 
7 0.0827 37193 24507 34.55    
8 0.0827 34404 24996 38.09    
8 0.0827 34518 24351 36.99 8 37.88 23.67 
8 0.0827 34113 25080 38.55    
9 0.0827 31696 25196 41.68    
9 0.0827 31615 25056 41.55 9 41.66 26.04 
9 0.0827 31683 25225 41.74    
10 0.0827 37612 31856 44.41    
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10 0.0827 37619 31641 44.10 10 44.15 27.59 
10 0.0827 37661 31559 43.94    
11 0.0827 37672 33907 47.19    
11 0.0827 37632 33900 47.23 11 47.16 29.47 
11 0.0827 37622 33758 47.05    
12 0.0827 48862 46698 50.11    
12 0.0827 49077 46967 50.18 12 50.20 31.37 
12 0.0827 48966 46901 50.30    
 kobs = 3.72 x 10-2 mM/s 
avg. normal rate = 3.23 x 10-2 mM/s    
 
Determination of rate order for silanolate K+110 
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Order in 2-Iodotoluene (117j) with APC/dppp(O)2 (40 mM) 
K+110–  80 mM 
2-iodotoluene  40 mM 
APC   3.6 mM (Pd) 
dppp(O)2  3.6 mM 
 
Table 24, entry 4, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (13.7 mg), and 2-iodotoluene (10 µL, 0.08 mmol, 0.5 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.107 33241 5580 11.39    
2 0.107 33335 5298 10.78 2 10.99 6.87 
2 0.107 33126 5270 10.79    
3 0.107 47793 10067 14.29    
3 0.107 48068 10192 14.38 3 14.27 8.92 
3 0.107 47757 9957 14.14    
4 0.107 51765 14567 19.09    
4 0.107 51797 13878 18.18 4 18.37 11.48 
4 0.107 51703 13593 17.83    
5 0.107 45932 14315 21.14    
5 0.107 45787 15104 22.38 5 21.69 13.56 
5 0.107 46667 14823 21.55    
6 0.107 47929 17512 24.79    
6 0.107 47467 17150 24.51 6 24.55 15.34 
6 0.107 47387 17003 24.34    
7 0.107 47447 19022 27.20    
7 0.107 47299 19330 27.72 7 27.37 17.11 
7 0.107 47251 18943 27.20    
8 0.107 51669 23700 31.12    
8 0.107 51494 23307 30.70 8 30.91 19.32 
8 0.107 51418 23423 30.90    
9 0.107 45718 22830 33.88    
9 0.107 46142 22971 33.77 9 33.86 21.16 
9 0.107 45516 22774 33.94    
10 0.107 49196 27140 37.42    
10 0.107 49215 27025 37.25 10 37.32 23.32 
10 0.107 49227 27053 37.28    
11 0.107 55580 34615 42.25    
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11 0.107 55500 33419 40.85 11 41.26 25.79 
11 0.107 55239 33118 40.67    
12 0.107 55392 35847 43.90    
12 0.107 55887 35821 43.48 12 43.49 27.18 
12 0.107 55911 35504 43.08    
 kobs = 2.71 x 10-2 mM/s 
 
Table 24, entry 4, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.6 mg), and 2-iodotoluene (10 µL, 0.08 mmol, 0.5 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0827 38202 7390 10.14    
2 0.0827 38118 7466 10.27 2 10.18 6.36 
2 0.0827 38426 7429 10.14    
3 0.0827 34416 9535 14.53    
3 0.0827 34189 9471 14.52 3 14.55 9.09 
3 0.0827 34353 9566 14.60    
4 0.0827 38252 14130 19.37    
4 0.0827 38253 13939 19.11 4 19.19 11.99 
4 0.0827 38260 13931 19.09    
5 0.0827 38079 16453 22.65    
5 0.0827 37383 16019 22.47 5 22.62 14.14 
5 0.0827 37989 16478 22.74    
6 0.0827 40938 20272 25.96    
6 0.0827 41363 20672 26.20 6 26.04 16.28 
6 0.0827 41084 20341 25.96    
7 0.0827 36067 19445 28.27    
7 0.0827 36419 20026 28.83 7 28.71 17.94 
7 0.0827 36073 19971 29.03    
8 0.0827 36511 22681 32.57    
8 0.0827 37286 23415 32.93 8 32.62 20.39 
8 0.0827 36942 22795 32.35    
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9 0.0827 40517 27406 35.47    
9 0.0827 40747 27590 35.50 9 35.59 22.24 
9 0.0827 40754 27829 35.80    
10 0.0827 39607 29158 38.60    
10 0.0827 39776 29087 38.34 10 38.56 24.10 
10 0.0827 39760 29383 38.75    
11 0.0827 35288 27713 41.18    
11 0.0827 35352 27796 41.23 11 41.40 25.87 
11 0.0827 35407 28218 41.79    
12 0.0827 36906 30789 43.74    
12 0.0827 36836 30731 43.74 12 43.85 27.41 
12 0.0827 36943 31046 44.06    
 kobs = 2.79 x 10-2 mM/s 
           
502 
Table 24, entry 4, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (9.7 mg), and 2-iodotoluene (10 µL, 0.08 mmol, 0.5 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
mmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0757 37549 5908 7.55    
2 0.0757 37284 6071 7.81 2 7.66 4.79 
2 0.0757 37407 5943 7.62    
3 0.0757 41787 9335 10.72    
3 0.0757 41854 9356 10.73 3 10.70 6.69 
3 0.0757 41579 9218 10.64    
4 0.0757 39360 11435 13.94    
4 0.0757 38732 11058 13.70 4 13.83 8.64 
4 0.0757 39148 11285 13.83    
5 0.0757 32622 11031 16.23    
5 0.0757 32835 10974 16.04 5 16.32 10.20 
5 0.0757 32742 11394 16.70    
6 0.0757 36937 14942 19.41    
6 0.0757 37030 15134 19.61 6 19.57 12.23 
6 0.0757 36961 15161 19.69    
7 0.0757 36333 16752 22.13    
7 0.0757 35990 17146 22.86 7 22.54 14.09 
7 0.0757 35990 16967 22.63    
8 0.0757 37941 20806 26.32    
8 0.0757 37957 20479 25.89 8 26.03 16.27 
8 0.0757 37997 20495 25.89    
9 0.0757 35868 21770 29.13    
9 0.0757 35635 21471 28.92 9 29.01 18.13 
9 0.0757 35026 21151 28.98    
10 0.0757 37574 25430 32.48    
10 0.0757 37265 25205 32.46 10 32.46 20.29 
10 0.0757 37948 25638 32.43    
11 0.0757 32805 24327 35.59    
11 0.0757 33076 24325 35.30 11 35.66 22.28 
11 0.0757 32955 24775 36.08    
12 0.0757 36620 30345 39.77    
12 0.0757 36364 30161 39.81 12 39.71 24.82 
12 0.0757 36187 29823 39.55    
           
503 
 kobs = 2.63 x 10-2 mM/s 
avg. normalized rate = 2.72 x 10-2 mM/s    
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Order in 2-Iodotoluene (117j) with APC/dppp(O)2 (160 mM) 
K+110–  80 mM 
2-iodotoluene  160 mM 
APC   3.6 mM (Pd) 
dppp(O)2  3.6 mM 
 
Table 24, entry 5, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.9 mg), and 2-iodotoluene (41 µL, 0.32 mmol, 0.5 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.085 38698 8835 12.30    
2 0.085 38216 8558 12.07 2 12.35 7.72 
2 0.085 38259 9011 12.69    
3 0.085 38504 12928 18.09    
3 0.085 38594 12232 17.08 3 17.36 10.85 
3 0.085 38762 12164 16.91    
4 0.085 37298 14387 20.79    
4 0.085 37633 14684 21.03 4 20.99 13.12 
4 0.085 37023 14536 21.16    
5 0.085 41426 19535 25.41    
5 0.085 41375 19280 25.11 5 25.28 15.80 
5 0.085 41430 19456 25.31    
6 0.085 39254 20922 28.72    
6 0.085 39284 21811 29.92 6 29.25 18.28 
6 0.085 39319 21226 29.09    
7 0.085 41214 24633 32.21    
7 0.085 40836 24703 32.60 7 32.46 20.29 
7 0.085 41144 24866 32.57    
8 0.085 45263 30484 36.29    
8 0.085 45094 30277 36.18 8 36.28 22.68 
8 0.085 45068 30416 36.37    
9 0.085 40461 29661 39.51    
9 0.085 40130 29354 39.42 9 39.42 24.64 
9 0.085 40159 29304 39.32    
10 0.085 36997 29261 42.62    
10 0.085 36670 29166 42.86 10 42.73 26.70 
10 0.085 36723 29094 42.69    
11 0.085 40868 34636 45.67    
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11 0.085 41029 35541 46.68 11 45.99 28.75 
11 0.085 40623 34397 45.63    
12 0.085 38693 34970 48.70    
12 0.085 38642 34891 48.66 12 48.74 30.46 
12 0.085 38817 35199 48.87    
 kobs = 3.01 x 10-2 mM/s 
 
Table 24, entry 5, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.4 mg), and 2-iodotoluene (41 µL, 0.32 mmol, 0.5 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0811 35797 7624 10.95    
2 0.0811 35987 7657 10.94 2 11.03 6.90 
2 0.0811 35867 7821 11.21    
3 0.0811 36312 10888 15.42    
3 0.0811 36048 10734 15.31 3 15.34 9.59 
3 0.0811 36423 10826 15.28    
4 0.0811 35069 13211 19.37    
4 0.0811 35224 13369 19.52 4 19.44 12.15 
4 0.0811 35107 13264 19.43    
5 0.0811 35923 16100 23.04    
5 0.0811 35917 16347 23.40 5 23.24 14.52 
5 0.0811 35805 16204 23.27    
6 0.0811 36634 19082 26.78    
6 0.0811 36626 19052 26.75 6 26.71 16.69 
6 0.0811 36482 18874 26.60    
7 0.0811 37499 21805 29.90    
7 0.0811 37618 21982 30.05 7 30.00 18.75 
7 0.0811 37266 21794 30.07    
8 0.0811 37244 24315 33.57    
8 0.0811 36954 23974 33.36 8 33.51 20.94 
8 0.0811 37352 24407 33.60    
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9 0.0811 34229 24456 36.74    
9 0.0811 34039 24092 36.39 9 36.69 22.93 
9 0.0811 34296 24636 36.93    
10 0.0811 38633 29974 39.89    
10 0.0811 38910 30185 39.89 10 39.87 24.92 
10 0.0811 38692 29977 39.84    
11 0.0811 39914 33739 43.46    
11 0.0811 39943 33483 43.10 11 43.12 26.95 
11 0.0811 40023 33309 42.79    
12 0.0811 36857 33471 46.69    
12 0.0811 36734 33217 46.49 12 46.60 29.12 
12 0.0811 37078 33608 46.61    
 kobs = 2.91 x 10-2 mM/s 
 
Table 24, entry 5, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (9.8 mg), and 2-iodotoluene (41 µL, 0.32 mmol, 0.5 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0765 32461 7366 11.01    
2 0.0765 32322 7335 11.01 2 10.91 6.82 
2 0.0765 32237 7128 10.72    
3 0.0765 34508 11705 16.45    
3 0.0765 34513 11091 15.59 3 15.82 9.89 
3 0.0765 34514 10975 15.42    
4 0.0765 34145 14104 20.03    
4 0.0765 34348 13924 19.66 4 20.14 12.59 
4 0.0765 34296 14660 20.73    
5 0.0765 29923 14746 23.90    
5 0.0765 30270 14610 23.41 5 23.72 14.82 
5 0.0765 29603 14548 23.84    
6 0.0765 33891 19151 27.41    
6 0.0765 33927 19115 27.33 6 27.36 17.10 
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6 0.0765 34109 19237 27.35    
7 0.0765 36270 23550 31.49    
7 0.0765 35538 23499 32.07 7 31.98 19.99 
7 0.0765 35617 23777 32.38    
8 0.0765 34453 24883 35.03    
8 0.0765 34113 24941 35.46 8 35.38 22.11 
8 0.0765 34217 25143 35.64    
9 0.0765 36973 29588 38.81    
9 0.0765 36870 29506 38.81 9 38.79 24.25 
9 0.0765 36557 29208 38.75    
10 0.0765 33754 29877 42.93    
10 0.0765 34081 29684 42.24 10 42.50 26.56 
10 0.0765 34124 29788 42.34    
11 0.0765 34447 32789 46.17    
11 0.0765 34081 32927 46.86 11 46.70 29.19 
11 0.0765 33945 32942 47.07    
12 0.0765 34041 34560 49.24    
12 0.0765 34052 34652 49.36 12 49.35 30.85 
12 0.0765 33938 34559 49.46    
 kobs = 323 x 10-2 mM/s 
avg. normalized rate = 3.03 mM/min    
 
Determination of rate order for 2-iodotoluene (117j) 
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Order in Palladium (5.4 mM) 
K+110–  80 mM 
2-iodotoluene  80 mM 
APC   5.4 mM (Pd) 
dppp(O)2  5.4 mM 
Table 24, entry 6, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (2.0 mg, 0.0054 mmol, 0.034 equiv), dppp(O)2 (4.8 mg, 0.0108 mmol, 0.068 
equiv), naphthalene (11.3 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0882 33818 8709 14.40    
2 0.0882 34161 8983 14.70 2 14.58 9.11 
2 0.0882 34243 8960 14.63    
3 0.0882 30180 11328 20.99    
3 0.0882 30412 10881 20.01 3 20.30 12.69 
3 0.0882 30187 10741 19.90    
4 0.0882 33213 15037 25.32    
4 0.0882 33358 15670 26.27 4 25.65 16.03 
4 0.0882 33361 15135 25.37    
5 0.0882 33386 18253 30.57    
5 0.0882 33775 18828 31.17 5 30.74 19.21 
5 0.0882 33162 18077 30.48    
6 0.0882 33497 21339 35.62    
6 0.0882 33869 21171 34.95 6 35.29 22.06 
6 0.0882 33573 21191 35.30    
7 0.0882 35621 25319 39.75    
7 0.0882 35321 25591 40.51 7 40.33 25.21 
7 0.0882 34989 25491 40.74    
8 0.0882 32933 27212 46.20    
8 0.0882 33210 27300 45.97 8 46.34 28.96 
8 0.0882 33468 28034 46.84    
9 0.0882 40674 37503 51.56    
9 0.0882 40412 37168 51.43 9 51.50 32.18 
9 0.0882 40851 37621 51.50    
10 0.0882 37876 38302 56.55    
10 0.0882 37995 38019 55.95 10 56.22 35.14 
10 0.0882 37767 37931 56.16    
11 0.0882 34663 38465 62.05    
11 0.0882 34558 37392 60.50 11 61.22 38.26 
11 0.0882 34523 37730 61.11    
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12 0.0882 36214 41907 64.71    
12 0.0882 35904 41395 64.47 12 64.74 40.46 
12 0.0882 36195 42041 65.04    
 kobs = 4.24 x 10-2 mM/s 
 
Table 24, entry 6, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (2.0 mg, 0.0054 mmol, 0.034 equiv), dppp(O)2 (4.8 mg, 0.0108 mmol, 0.068 
equiv), naphthalene (11.0 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0858 36147 9974 15.01    
2 0.0858 35884 9940 15.07 2 15.05 9.40 
2 0.0858 36007 9972 15.07    
3 0.0858 36393 13982 20.90    
3 0.0858 36546 14192 21.12 3 20.96 13.10 
3 0.0858 36754 14088 20.85    
4 0.0858 38505 19448 27.47    
4 0.0858 38553 18842 26.59 4 27.30 17.06 
4 0.0858 38742 19832 27.85    
5 0.0858 36684 21974 32.58    
5 0.0858 37046 21992 32.29 5 32.47 20.30 
5 0.0858 37090 22187 32.54    
6 0.0858 36230 25425 38.17    
6 0.0858 36424 25606 38.24 6 38.34 23.96 
6 0.0858 36124 25637 38.61    
7 0.0858 35176 28197 43.60    
7 0.0858 34665 28650 44.96 7 44.38 27.74 
7 0.0858 35059 28729 44.58    
8 0.0858 47022 44390 51.35    
8 0.0858 46451 43930 51.44 8 51.49 32.18 
8 0.0858 46816 44470 51.67    
9 0.0858 37210 39251 57.38    
9 0.0858 37082 39145 57.42 9 57.37 35.86 
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9 0.0858 36802 38775 57.31    
10 0.0858 39214 44743 62.07    
10 0.0858 39452 44393 61.21 10 61.65 38.53 
10 0.0858 39666 44963 61.66    
11 0.0858 40116 48258 65.44    
11 0.0858 39798 47780 65.31 11 65.22 40.76 
11 0.0858 40152 47923 64.93    
12 0.0858 45309 56836 68.24    
12 0.0858 45339 56988 68.37 12 68.11 42.57 
12 0.0858 44935 55874 67.73    
 kobs = 4.61 x 10-2 mM/s 
 
Table 24, entry 6, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (2.0 mg, 0.0054 mmol, 0.034 equiv), dppp(O)2 (4.8 mg, 0.0108 mmol, 0.068 
equiv), naphthalene (9.3 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0726 33996 9829 13.31    
2 0.0726 34237 10138 13.63 2 13.42 8.39 
2 0.0726 34460 9974 13.32    
3 0.0726 35985 14570 18.64    
3 0.0726 36013 14672 18.75 3 18.70 11.69 
3 0.0726 36028 14647 18.71    
4 0.0726 34133 17691 23.86    
4 0.0726 33877 17544 23.84 4 23.93 14.96 
4 0.0726 33914 17757 24.10    
5 0.0726 32742 21036 29.57    
5 0.0726 33000 21007 29.30 5 29.75 18.59 
5 0.0726 32704 21580 30.37    
6 0.0726 32312 24486 34.88    
6 0.0726 32488 24467 34.66 6 34.67 21.67 
6 0.0726 32513 24338 34.46    
7 0.0726 34736 30656 40.62    
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7 0.0726 35013 31114 40.90 7 40.82 25.51 
7 0.0726 34994 31112 40.92    
8 0.0726 41127 42134 47.16    
8 0.0726 41475 42429 47.09 8 47.06 29.41 
8 0.0726 41299 42111 46.93    
9 0.0726 31132 34907 51.61    
9 0.0726 30878 34588 51.56 9 51.64 32.27 
9 0.0726 30679 34486 51.74    
10 0.0726 33297 41424 57.26    
10 0.0726 33214 41679 57.76 10 57.87 36.17 
10 0.0726 33084 42109 58.58    
11 0.0726 34554 47346 63.07    
11 0.0726 34423 46119 61.67 11 62.20 38.87 
11 0.0726 34204 45967 61.86    
12 0.0726 36863 53765 67.13    
12 0.0726 37060 53739 66.74 12 66.83 41.77 
12 0.0726 37128 53668 66.61    
 kobs = 4.54x 10-2 mM/s 
avg. normalized rate = 4.47 x 10-2 mM/s    
 
           
512 
Order in Palladium (7.2 mM) 
K+110–  80 mM 
2-iodotoluene  80 mM 
APC   7.2 mM (Pd) 
dppp(O)2  7.2 mM 
 
Table 24, entry 7, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (2.6 mg, 0.0072 mmol, 0.045equiv), dppp(O)2 (6.4 mg, 0.0144 mmol, 0.09 
equiv), naphthalene (9.7 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0757 43878 14928 16.33    
2 0.0757 43753 15169 16.64 2 16.24 10.15 
2 0.0757 43930 14416 15.75    
3 0.0757 45664 21702 22.81    
3 0.0757 47070 22028 22.46 3 22.63 14.14 
3 0.0757 47445 22355 22.61    
4 0.0757 48110 29692 29.62    
4 0.0757 48149 29202 29.11 4 29.30 18.31 
4 0.0757 47930 29128 29.17    
5 0.0757 43877 34590 37.84    
5 0.0757 43613 34041 37.46 5 37.66 23.54 
5 0.0757 43946 34498 37.68    
6 0.0757 46622 47077 48.46    
6 0.0757 46266 46414 48.15 6 48.35 30.22 
6 0.0757 46618 47063 48.45    
7 0.0757 48544 54867 54.25    
7 0.0757 47717 55068 55.39 7 54.94 34.34 
7 0.0757 48194 55413 55.18    
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 kobs = 6.64 x 10-2 mM/s 
 
Table 24, entry 7, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (2.6 mg, 0.0072 mmol, 0.045equiv), dppp(O)2 (6.4 mg, 0.0144 mmol, 0.09 
equiv), naphthalene (9.1 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.071 37390 11795 14.20    
2 0.071 37064 11271 13.69 2 13.85 8.65 
2 0.071 37386 11337 13.65    
3 0.071 37955 17141 20.33    
3 0.071 37696 16738 19.99 3 20.22 12.64 
3 0.071 37529 16951 20.33    
4 0.071 38799 23137 26.84    
4 0.071 38757 22968 26.68 4 26.76 16.72 
4 0.071 38869 23101 26.75    
5 0.071 39516 29794 33.94    
5 0.071 39556 29466 33.53 5 33.72 21.08 
5 0.071 39620 29652 33.69    
6 0.071 38845 36289 42.05    
6 0.071 39415 37180 42.46 6 42.33 26.46 
6 0.071 39303 37093 42.48    
7 0.071 44306 51860 52.69    
7 0.071 44072 51812 52.92 7 52.93 33.08 
7 0.071 43895 51859 53.18    
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 kobs = 6.40 x 10-2 mM/s 
Table 24, entry 7, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (2.6 mg, 0.0072 mmol, 0.045equiv), dppp(O)2 (6.4 mg, 0.0144 mmol, 0.09 
equiv), naphthalene (10.7 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0835 53293 12663 12.58    
2 0.0835 53243 13158 13.08 2 12.83 8.02 
2 0.0835 53268 12917 12.84    
3 0.0835 50403 18424 19.35    
3 0.0835 50019 18062 19.12 3 19.09 11.93 
3 0.0835 50633 17971 18.79    
4 0.0835 49494 23800 25.46    
4 0.0835 49379 23944 25.67 4 25.57 15.98 
4 0.0835 49613 23971 25.58    
5 0.0835 47451 28921 32.27    
5 0.0835 47845 29285 32.40 5 32.27 20.17 
5 0.0835 47069 28564 32.13    
6 0.0835 51757 39357 40.26    
6 0.0835 51830 40435 41.30 6 40.76 25.47 
6 0.0835 51449 39565 40.71    
7 0.0835 47530 44910 50.02    
7 0.0835 47984 45043 49.69 7 49.98 31.24 
7 0.0835 47674 45221 50.22    
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 kobs = 6.13 x 10-2 mM/s 
avg. normalized rate= 6.40 x 10-2 mM/s   
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Order in Palladium (10.6 mM) 
K+110–  80 mM 
2-iodotoluene  80 mM 
APC   10.6 mM (Pd) 
dppp(O)2  10.6 mM 
 
Table 24, entry 8, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (3.9 mg, 0.0108 mmol, 0.0675 equiv), dppp(O)2 (9.6 mg, 0.0216 mmol, 0.135 
equiv), naphthalene (9.1 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
1.5 0.071 37622 14997 17.94    
1.5 0.071 37648 15022 17.96 1.5 17.98 11.24 
1.5 0.071 37889 15179 18.03    
2 0.071 36992 19444 23.66    
2 0.071 36658 19327 23.73 2 23.65 14.78 
2 0.071 35689 18685 23.57    
2.5 0.071 36088 23230 28.98    
2.5 0.071 36199 23282 28.95 2.5 28.99 18.12 
2.5 0.071 36443 23524 29.06    
3 0.071 36913 28184 34.37    
3 0.071 36918 28137 34.31 3 34.55 21.59 
3 0.071 36992 28743 34.98    
3.5 0.071 35466 31678 40.21    
3.5 0.071 35438 31619 40.16 3.5 40.28 25.18 
3.5 0.071 35092 31554 40.48    
4 0.071 39586 40855 46.46    
4 0.071 39509 41176 46.91 4 46.81 29.26 
4 0.071 39795 41608 47.06    
4.5 0.071 38187 47064 55.48    
4.5 0.071 38261 46552 54.77 4.5 54.89 34.31 
4.5 0.071 38110 46075 54.42    
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 kobs = 1.00 x 10-1 mM/s 
 
Table 24, entry 8, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (3.9 mg, 0.0108 mmol, 0.0675 equiv), dppp(O)2 (9.6 mg, 0.0216 mmol, 0.135 
equiv), naphthalene (10.1 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
1.5 0.0788 44747 16003 17.87    
1.5 0.0788 44869 16129 17.96 1.5 17.89 11.18 
1.5 0.0788 44966 16054 17.84    
2 0.0788 44819 21318 23.76    
2 0.0788 44827 21412 23.86 2 23.78 14.86 
2 0.0788 44661 21198 23.71    
2.5 0.0788 45684 26916 29.43    
2.5 0.0788 45385 26557 29.23 2.5 29.41 18.38 
2.5 0.0788 44869 26563 29.58    
3 0.0788 47741 33705 35.27    
3 0.0788 47450 33878 35.67 3 35.35 22.09 
3 0.0788 47471 33354 35.10    
3.5 0.0788 52610 44436 42.20    
3.5 0.0788 52192 43113 41.27 3.5 41.90 26.19 
3.5 0.0788 52297 44209 42.23    
4 0.0788 41040 39121 47.62    
4 0.0788 40939 39701 48.45 4 48.16 30.10 
4 0.0788 40912 39635 48.40    
4.5 0.0788 49010 57734 58.85    
4.5 0.0788 48834 57900 59.23 4.5 59.19 36.99 
4.5 0.0788 49341 58746 59.48    
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 kobs = 1.00 x 10-1 mM/s 
 
Table 24, entry 8, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (3.9 mg, 0.0108 mmol, 0.0675 equiv), dppp(O)2 (9.6 mg, 0.0216 mmol, 0.135 
equiv), naphthalene (8.4 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
1.5 0.0655 37181 15685 17.52    
1.5 0.0655 37149 15141 16.93 1.5 17.41 10.88 
1.5 0.0655 37210 15933 17.78    
2 0.0655 33396 18161 22.58    
2 0.0655 33407 18130 22.54 2 22.51 14.07 
2 0.0655 33213 17922 22.41    
2.5 0.0655 36599 24950 28.31    
2.5 0.0655 36972 25506 28.65 2.5 28.38 17.74 
2.5 0.0655 36723 24916 28.18    
3 0.0655 39293 31969 33.79    
3 0.0655 39216 31666 33.53 3 33.59 20.99 
3 0.0655 39228 31596 33.45    
3.5 0.0655 33851 33034 40.52    
3.5 0.0655 33717 31970 39.38 3.5 39.83 24.89 
3.5 0.0655 33803 32219 39.58    
4 0.0655 36122 39771 45.72    
4 0.0655 35781 40071 46.51 4 46.52 29.08 
4 0.0655 35498 40471 47.34    
4.5 0.0655 37175 49105 54.85    
4.5 0.0655 37275 49192 54.80 4.5 54.82 34.26 
4.5 0.0655 36932 48731 54.79    
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 kobs = 1.02 x 10-1 mM/s 
avg. normalized rate = 1.01 x 10-1 mM/s    
 
Determination of rate order in palladium 
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Determination of Effect of dpppO2 
K+110–  80 mM 
2-iodotoluene  80 mM 
APC   3.6 mM (Pd) 
dppp(O)2  7.2 mM 
 
Table 24, entry 9, Run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (6.4 mg, 0.0144 mmol, 0.09 
equiv), naphthalene (8.6 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0671 33497 7385 9.38    
2 0.0671 33731 7717 9.73 2 9.51 5.95 
2 0.0671 33743 7482 9.43    
3 0.0671 37955 12329 13.82    
3 0.0671 37660 12752 14.40 3 14.04 8.78 
3 0.0671 37945 12405 13.91    
4 0.0671 33742 14118 17.80    
4 0.0671 33526 13973 17.73 4 17.75 11.09 
4 0.0671 33535 13973 17.73    
5 0.0671 42546 22502 22.50    
5 0.0671 42722 22376 22.28 5 22.36 13.98 
5 0.0671 42887 22494 22.31    
6 0.0671 40396 25068 26.40    
6 0.0671 40202 24818 26.26 6 26.42 16.51 
6 0.0671 39732 24833 26.59    
7 0.0671 35025 24466 29.72    
7 0.0671 34813 25178 30.77 7 30.35 18.97 
7 0.0671 35081 25213 30.57    
8 0.0671 40597 33926 35.55    
8 0.0671 40446 33618 35.36 8 35.41 22.13 
8 0.0671 40653 33738 35.31    
9 0.0671 44830 42561 40.39    
9 0.0671 45064 42478 40.10 9 40.19 25.12 
9 0.0671 44920 42317 40.08    
10 0.0671 40876 43110 44.87    
10 0.0671 40890 43109 44.85 10 44.84 28.03 
10 0.0671 40734 42909 44.81    
11 0.0671 42789 50178 49.89    
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11 0.0671 42736 50321 50.09 11 49.86 31.16 
11 0.0671 42749 49849 49.61    
12 0.0671 36265 45433 53.30    
12 0.0671 36198 45675 53.68 12 53.65 33.53 
12 0.0671 36475 46289 53.99    
 kobs = 3.71 x 10-2 mM/s 
 
Table 24, entry 9, Run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (6.4 mg, 0.0144 mmol, 0.09 
equiv), naphthalene (10.9 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved 
in dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.085 44251 7573 9.22    
2 0.085 43895 7577 9.30 2 9.24 5.77 
2 0.085 43763 7459 9.19    
3 0.085 48344 11911 13.28    
3 0.085 49618 12285 13.34 3 13.27 8.29 
3 0.085 49322 12071 13.19    
4 0.085 47113 15183 17.37    
4 0.085 47011 15067 17.27 4 17.36 10.85 
4 0.085 47219 15293 17.45    
5 0.085 53704 21421 21.50    
5 0.085 53833 21506 21.53 5 21.35 13.34 
5 0.085 54009 21058 21.01    
6 0.085 45088 20933 25.02    
6 0.085 45268 20921 24.91 6 24.91 15.57 
6 0.085 45358 20886 24.81    
7 0.085 57114 30561 28.84    
7 0.085 57904 31345 29.17 7 28.95 18.10 
7 0.085 58077 31092 28.85    
8 0.085 50555 31081 33.13    
8 0.085 51222 31333 32.97 8 32.98 20.61 
8 0.085 50862 30993 32.84    
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9 0.085 48803 32934 36.37    
9 0.085 48646 33233 36.82 9 36.57 22.86 
9 0.085 48848 33116 36.53    
10 0.085 42269 31285 39.89    
10 0.085 42129 31032 39.70 10 39.70 24.82 
10 0.085 42367 31080 39.53    
11 0.085 42629 35025 44.28    
11 0.085 42506 34133 43.27 11 43.76 27.35 
11 0.085 42253 34281 43.72    
12 0.085 45615 40089 47.36    
12 0.085 45867 40263 47.31 12 47.44 29.65 
12 0.085 45350 40105 47.66    
 kobs = 3.16 x 10-2 mM/s 
 
Table 24, entry 9, Run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (6.4 mg, 0.0144 mmol, 0.09 
equiv), naphthalene (9.0 mg), and 2-iodotoluene (21 µL, 0.16 mmol, 1.0 equiv) were dissolved in 
dry benzotrifluoride (2 mL) at room temperature followed by stirring at 40 °C. Aliquots of the 
mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0702 43619 7132 7.28    
2 0.0702 43857 7179 7.29 2 7.28 4.55 
2 0.0702 43957 7192 7.28    
3 0.0702 42660 10765 11.23    
3 0.0702 42864 10906 11.32 3 11.25 7.03 
3 0.0702 42612 10715 11.19    
4 0.0702 47501 16126 15.11    
4 0.0702 47409 16045 15.06 4 15.24 9.53 
4 0.0702 47015 16428 15.55    
5 0.0702 40992 17442 18.94    
5 0.0702 40994 17369 18.86 5 18.94 11.83 
5 0.0702 41057 17538 19.01    
6 0.0702 43001 22297 23.08    
6 0.0702 43345 22456 23.06 6 23.05 14.41 
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6 0.0702 43266 22376 23.02    
7 0.0702 45067 27139 26.80    
7 0.0702 45045 27315 26.99 7 26.84 16.77 
7 0.0702 45353 27235 26.73    
8 0.0702 37580 25762 30.51    
8 0.0702 37335 25802 30.76 8 30.54 19.09 
8 0.0702 37260 25402 30.34    
9 0.0702 37565 29336 34.76    
9 0.0702 37451 29139 34.63 9 34.67 21.67 
9 0.0702 37526 29183 34.61    
10 0.0702 38283 33836 39.34    
10 0.0702 38154 33396 38.96 10 39.11 24.44 
10 0.0702 38388 33663 39.03    
11 0.0702 41988 42814 45.38    
11 0.0702 41745 42415 45.22 11 45.29 28.30 
11 0.0702 41592 42289 45.25    
12 0.0702 39877 46181 51.54    
12 0.0702 39368 46686 52.78 12 52.24 32.65 
12 0.0702 39840 46910 52.40    
 kobs = 3.57 x 10-2 mM/s 
avg. normalized rate = 3.47 x 10-2 mM/s    
Compare to Table 22, entry 1 for 3.6 mM in dpppO2: 
avg. normalize rate = 3.05 x 10-2 mM/s     
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Determination of Effect of CuTC on Catalytic Reaction 
Table 24, entry 10, run 1  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.1 mg), CuTC (1.3 mg, 0.0072 mmol, 0.045 equiv) and 2-iodotoluene (21 
µL, 0.16 mmol, 1.0 equiv) were dissolved in dry benzotrifluoride (2 mL) at room temperature 
followed by stirring at 40 °C. Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0788 29259 6944 11.86    
2 0.0788 29375 6562 11.16 2 11.54 14.43 
2 0.0788 29720 6905 11.61    
3 0.0788 33030 11068 16.74    
3 0.0788 32956 10388 15.75 3 16.17 20.21 
3 0.0788 32867 10535 16.01    
4 0.0788 31875 12614 19.77    
4 0.0788 31941 12487 19.53 4 19.72 24.65 
4 0.0788 31461 12508 19.86    
5 0.0788 32427 15143 23.33    
5 0.0788 32487 15163 23.32 5 23.67 29.59 
5 0.0788 32433 15812 24.36    
6 0.0788 34749 18746 26.95    
6 0.0788 34712 18684 26.89 6 26.90 33.62 
6 0.0788 34293 18428 26.85    
7 0.0788 37514 22424 29.86    
7 0.0788 36984 22355 30.20 7 30.04 37.55 
7 0.0788 36972 22243 30.06    
8 0.0788 32555 22132 33.96    
8 0.0788 32478 21904 33.69 8 33.73 42.16 
8 0.0788 32511 21813 33.52    
9 0.0788 34931 25852 36.97    
9 0.0788 35165 25865 36.75 9 36.86 46.07 
9 0.0788 35329 26058 36.85    
10 0.0788 34746 27930 40.16    
10 0.0788 34879 27699 39.67 10 39.90 49.88 
10 0.0788 34925 27876 39.88    
11 0.0788 40729 35443 43.48    
11 0.0788 40660 35084 43.11 11 43.39 54.23 
11 0.0788 40639 35448 43.58    
12 0.0788 36636 33916 46.25    
12 0.0788 36285 33947 46.74 12 46.50 58.12 
12 0.0788 36594 34065 46.51    
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 kobs = 2.108 x 10-2 mM/s 
 
Table 24, entry 10, run 2  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (12.7 mg), CuTC (1.3 mg, 0.0072 mmol, 0.045 equiv) and 2-iodotoluene (21 
µL, 0.16 mmol, 1.0 equiv) were dissolved in dry benzotrifluoride (2 mL) at room temperature 
followed by stirring at 40 °C. Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0991 42464 6697 9.91    
2 0.0991 41997 6792 10.16 2 9.94 12.43 
2 0.0991 42551 6604 9.75    
3 0.0991 42573 9660 14.26    
3 0.0991 15334 3354 13.74 3 13.83 17.29 
3 0.0991 42545 9145 13.51    
4 0.0991 42974 11992 17.53    
4 0.0991 43163 12042 17.53 4 17.56 21.95 
4 0.0991 42982 12049 17.61    
5 0.0991 46619 15614 21.04    
5 0.0991 46482 15520 20.98 5 20.85 26.06 
5 0.0991 46112 15068 20.53    
6 0.0991 46662 18196 24.50    
6 0.0991 46217 18150 24.67 6 24.54 30.67 
6 0.0991 46724 18174 24.44    
7 0.0991 44815 19011 26.65    
7 0.0991 44520 19237 27.15 7 27.09 33.86 
7 0.0991 44344 19390 27.47    
8 0.0991 46302 22725 30.84    
8 0.0991 46558 22660 30.58 8 30.64 38.30 
8 0.0991 46416 22541 30.51    
9 0.0991 63368 34222 33.93    
9 0.0991 63715 34500 34.02 9 33.99 42.48 
9 0.0991 63579 34414 34.01    
10 0.0991 50589 29347 36.45    
10 0.0991 49968 29380 36.94 10 36.65 45.81 
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10 0.0991 50209 29205 36.55    
11 0.0991 44661 27919 39.28    
11 0.0991 45108 28153 39.21 11 39.18 48.97 
11 0.0991 44532 27668 39.04    
12 0.0991 45715 30864 42.42    
12 0.0991 46281 31439 42.68 12 43.00 53.75 
12 0.0991 46386 32418 43.91    
 kobs = 2.69 x 10-2 mM/s 
 
Table 24, entry 10, run 3  
Following General Procedure XVIII, a mixture of silanolate K+110–  (35 mg, 0.16 mmol, 
1.0 equiv), APC (1.3 mg, 0.0036 mmol, 0.0225 equiv), dppp(O)2 (3.2 mg, 0.0072 mmol, 0.045 
equiv), naphthalene (10.2 mg), CuTC (1.3 mg, 0.0072 mmol, 0.045 equiv) and 2-iodotoluene (21 
µL, 0.16 mmol, 1.0 equiv) were dissolved in dry benzotrifluoride (2 mL) at room temperature 
followed by stirring at 40 °C. Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
mmol  
cross 
% 
conversion 
2 0.0796 33665 7465 11.19    
2 0.0796 34108 7485 11.07 2 11.09 13.87 
2 0.0796 33914 7402 11.01    
3 0.0796 33244 10210 15.50    
3 0.0796 33144 10133 15.43 3 15.44 19.30 
3 0.0796 33393 10180 15.38    
4 0.0796 33530 12627 19.01    
4 0.0796 33741 12649 18.92 4 19.03 23.78 
4 0.0796 33521 12721 19.15    
5 0.0796 30313 13498 22.47    
5 0.0796 30195 13380 22.36 5 22.34 27.93 
5 0.0796 30295 13326 22.20    
6 0.0796 33576 16876 25.37    
6 0.0796 33667 17090 25.62 6 25.50 31.88 
6 0.0796 33600 16996 25.53    
7 0.0796 35240 20031 28.69    
7 0.0796 35225 20019 28.68 7 28.73 35.91 
7 0.0796 35124 20062 28.83    
8 0.0796 36957 23334 31.86    
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8 0.0796 37570 24077 32.34 8 32.09 40.11 
8 0.0796 37164 23617 32.07    
9 0.0796 40223 27533 34.54    
9 0.0796 39808 27323 34.64 9 35.01 43.76 
9 0.0796 39918 28355 35.85    
10 0.0796 34508 25329 37.04    
10 0.0796 34590 25252 36.84 10 36.94 46.18 
10 0.0796 34556 25295 36.94    
11 0.0796 35092 27129 39.01    
11 0.0796 35274 27367 39.15 11 39.08 48.85 
11 0.0796 34969 27067 39.06    
12 0.0796 36574 29978 41.36    
12 0.0796 36378 30249 41.96 12 41.70 52.12 
12 0.0796 36586 30274 41.76    
 kobs = 2.53 x 10-2 mM/s 
avg. normalized rate = 2.68 x 10-2 mM/s 
Compare to Table 1, entry 1 
avg. normalize rate = 3.05 x 10-2 mM/s 
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General Procedure XIX: Thermolysis of 113 in the Presence of CuTC (Scheme 50) 
Pd
Me
O
Si
Me Me
Ph
P
P
PhPh
PhPh
Ph
Me
CuTC (1.25 mM)
C6H5CF3, 40 ˚C
113 114j  
In a drybox, a one-necked, 10-mL round-bottomed flask with a magnetic stir bar and 
fitted with a reflux condenser and three-way stop-cock (fitted with an argon inlet and a rubber 
septum) was charged with naphthalene (10.4 mg), 113 (39 mg, 0.05 mmol), 2-iodotoluene 
(21 µL, 0.16 mmol, 3.3 equiv), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and dry benzotrifluoride 
(4.0 mL) The flask was removed from the drybox, purged with argon, and then was placed in a 
40 0C oil bath. Reaction progress was monitored by GC analysis. Sampling of the reaction was 
performed by removing 100 µL aliquots of the mixture by syringe and quenching the aliquots at 
regular intervals. The quench was performed as follows: the aliquot was injected into 100 µL of 
a 10% aqueous solution of 2-dimethylaminoethanethiol hydrochloride. This yellow solution was 
diluted with 1.0 mL of ethyl acetate and the organic phase was filtered through a 0.5 x 1.0 cm 
plug of silica gel. The filtrate was analyzed by GC Method 5: Naphthalene, tR 1.70 min; 114j, tR 
7.25 min (HP-1, 160 0C (5 min), 50 0C/min, 225 0C (2 min), 16 psi) 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
µmol  
114j 
% 
conversion 
4 0.0811 32337 4577 7.28    
4 0.0811 32436 4520 7.17 4 7.22 14.44 
4 0.0811 32284 4534 7.22    
5 0.0811 33440 4868 7.49    
5 0.0811 33421 4948 7.61 5 7.59 15.19 
5 0.0811 33405 4993 7.69    
6 0.0811 40645 6620 8.37    
6 0.0811 40432 6747 8.58 6 8.53 17.05 
6 0.0811 39908 6693 8.62    
7 0.0811 33586 6036 9.24    
7 0.0811 33696 5988 9.14 7 9.18 18.36 
7 0.0811 33886 6039 9.16    
8 0.0811 39928 8036 10.35    
8 0.0811 38806 7969 10.56 8 10.39 20.78 
8 0.0811 38338 7656 10.27    
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9 0.0811 39208 8821 11.57    
9 0.0811 39103 8104 10.66 9 10.96 21.92 
9 0.0811 38693 8016 10.65    
10 0.0811 32474 6984 11.06    
10 0.0811 32730 6885 10.82 10 10.88 21.76 
10 0.0811 32579 6821 10.77    
11 0.0811 42004 9087 11.12    
11 0.0811 41380 9614 11.95 11 11.90 23.80 
11 0.0811 41554 10202 12.62    
12 0.0811 37421 8945 12.29    
12 0.0811 37157 10060 13.92 12 12.83 25.67 
12 0.0811 37232 8899 12.29    
13 0.0811 39415 9817 12.81    
13 0.0811 39061 9962 13.11 13 12.85 25.69 
13 0.0811 39134 9607 12.62    
 kobs (@1.25 mM active Pd) = 2.59 x 10-3 mM/s  
 
Scheme 50, Run 2  
Following General Procedure XVIII, a mixture of 113 (39 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (8.9 mg), CuTC (1 mg, 0.005 mmol, 0.1 equiv) and 2-iodotoluene (21 µL, 0.16 
mmol, 1.0 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 40 °C. Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
µmol  
114j 
% 
conversion 
4 0.0733 37746 2294 2.82    
4 0.0733 37377 2244 2.79 4 2.85 5.70 
4 0.0733 37349 2360 2.94    
5 0.0733 38549 2594 3.13    
5 0.0733 36432 2371 3.02 5 3.14 6.28 
5 0.0733 36302 2550 3.26    
6 0.0733 36186 3160 4.06    
6 0.0733 36363 3210 4.10 6 4.17 8.35 
6 0.0733 36747 3448 4.36    
7 0.0733 33839 3482 4.78    
7 0.0733 35231 3577 4.72 7 4.70 9.40 
7 0.0733 34572 3418 4.59    
8 0.0733 38718 4049 4.86    
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8 0.0733 38530 4118 4.97 8 5.04 10.09 
8 0.0733 38266 4367 5.30    
9 0.0733 34616 4313 5.79    
9 0.0733 36436 4351 5.55 9 5.81 11.62 
9 0.0733 34935 4582 6.10    
10 0.0733 34804 5272 7.04    
10 0.0733 35646 5407 7.05 10 7.15 14.30 
10 0.0733 34970 5543 7.37    
11 0.0733 37014 4262 5.35    
11 0.0733 35701 6717 8.74 11 7.47 14.94 
11 0.0733 35435 6340 8.31    
12 0.0733 37589 6225 7.70    
12 0.0733 37460 6054 7.51 12 7.76 15.51 
12 0.0733 37645 6531 8.06    
13 0.0733 40833 7212 8.21    
13 0.0733 40612 7493 8.57 13 8.54 17.08 
13 0.0733 40651 7732 8.84    
 kobs (@1.25 mM active Pd) = 2.73 x 10-3 mM/s 
Scheme 50, Run 3  
Following General Procedure XVIII, a mixture of 113 (39 mg, 0.05 mmol, 1.0 equiv), 
naphthalene (9.4 mg), CuTC (1 mg, 0.1 mmol, 0.1 equiv) and 2-iodotoluene (21 µL, 0.16 mmol, 
1.0 equiv) were dissolved in dry benzotrifluoride (4 mL) at room temperature followed by 
stirring at 40 °C. Aliquots of the mixture were then taken for GC analysis. 
time 
mmol 
naph area naph 
area 
114j 
µmol  
114j time 
µmol  
114j 
% 
conversion 
4 0.0694 35254 2734 3.41    
4 0.0694 35063 2893 3.63 4 3.62 7.25 
4 0.0694 35497 3089 3.83    
5 0.0694 36356 2945 3.56    
5 0.0694 35413 3825 4.75 5 4.04 8.08 
5 0.0694 35803 3100 3.81    
6 0.0694 36637 3769 4.53    
6 0.0694 36488 4036 4.87 6 4.83 9.66 
6 0.0694 36440 4215 5.09    
7 0.0694 36023 4634 5.66    
7 0.0694 35448 4629 5.75 7 5.86 11.72 
7 0.0694 35516 4984 6.17    
8 0.0694 40394 5716 6.23    
8 0.0694 39897 5753 6.34 8 6.22 12.44 
8 0.0694 39845 5511 6.09    
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9 0.0694 35510 4842 6.00    
9 0.0694 34187 5117 6.59 9 6.49 12.97 
9 0.0694 33907 5294 6.87    
10 0.0694 37235 6085 7.19    
10 0.0694 37118 6510 7.72 10 7.52 15.04 
10 0.0694 37751 6560 7.65    
11 0.0694 37710 6469 7.55    
11 0.0694 36643 6481 7.78 11 7.61 15.22 
11 0.0694 37483 6392 7.50    
12 0.0694 36549 6670 8.03    
12 0.0694 36672 6742 8.09 12 8.27 16.54 
12 0.0694 36907 7289 8.69    
13 0.0694 36732 7808 9.35    
13 0.0694 37587 8218 9.62 13 9.59 19.17 
13 0.0694 36484 8114 9.79    
 kobs (@1.25 mM active Pd) = 2.59 x 10-3 mM/s 
 
avg. normalized rate (corrected to 3.6 mM Pd) = 7.45 x 10-3 mM/s 
Compare to Table 1, entry 1 (@ 3.6 mM Pd) 
avg. normalize rate = 3.05 x 10-2 mM/s 
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8.8. Chapter 7 Procedures 
GC Methods and Response Factors 
GC Method 6: Injections were made onto a Hewlett-Packard HP-1 50-m cross-linked 
1%-phenyl methyl silicone gum phase column. The injector and detector temperature were 250 
°C. The column oven temperature was as follows 150 °C (3.5 min) to 225 °C ramp at 50 °C/min, 
250 °C for 0.5 min, total run time was 6 min. Retention times (tR ) and integrated ratios were 
obtained from reporting integrators.  
Response factors (Rf) for quantitative GC analysis for GC Method 6 were obtained by the 
equation below: 
Eq1: Response factor for A = (mmol A * area biphenyl)/(area A * mmol biphenyl) 
 
mmol of K+85– Area of K+85– mmol of 
biphenyl 
Area of biphenyl  Response Factor 
0.205 195293 0.227 322569  0.671 
0.205 203608 0.227 330429  0.683 
0.205 198882 0.227 329096  0.670 
0.246 200995 0.130 161101  0.662 
0.246 235083 0.130 181610  0.687 
0.246 220171 0.130 170455  0.685 
0.236 142206 0.411 360828  0.684 
0.236 139042 0.411 359928  0.671 
0.236 142457 0.411 372887  0.663 
      
   AVG Rf  0.675 
 
mmol of 131 Area of 131 mmol of 
biphenyl 
Area of biphenyl  Response Factor 
0.233 407550 0.235 471305  0.871 
0.233 424469 0.235 489497  0.874 
0.233 395683 0.235 456039  0.874 
0.614 424574 0.294 237483  0.858 
0.614 423818 0.294 237766  0.855 
0.614 389164 0.294 218290  0.856 
0.153 324008 0.289 708025  0.863 
0.153 349022 0.289 763238  0.862 
0.153 332947 0.289 724003  0.867 
      
   AVG Rf  0.864 
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mmol of K+51– Area of K+51– mmol of 
biphenyl 
Area of biphenyl  Response Factor 
0.0944 134171 0.0713 147252  1.453 
0.0944 128931 0.0713 143297  1.472 
0.0944 137199 0.0713 150080  1.448 
0.0958 196503 0.1381 411221  1.452 
0.0958 177483 0.1381 367754  1.437 
0.0958 185693 0.1381 382668  1.430 
0.0558 69868 0.1621 289553  1.427 
0.0558 70245 0.1621 290901  1.426 
0.0558 76078 0.1621 305451  1.382 
      
   AVG Rf  1.436 
 
Preparation of Starting Materials/Standards 
General Procedure XX:  Preparation of Allyloxysilanes. 
(Allyloxy)dimethylphenylsilane (131)203,204  
Si
Cl
Me Me
+
HO
Et3N, THF
Si
O
Me Me
131  
Triethylamine (1.02 mL, 7.33 mmol, 2.0 equiv) was added to a solution of allyl alcohol 
(0.25 mL, 3.67 mmol, 1.0 equiv) in dry THF (7.3 mL) in a flame-dried, 3-neck, 25-mL round-
bottomed flask equipped with an Ar inlet, septum, and glass stopper. The solution was cooled to 
0 °C over 10 min. Then, phenyldimethylchlorosilane (0.61 mL, 3.67 mmol) was added dropwise 
over 1 min. Upon addition of the chlorosilane, a white precipitate formed. The resulting mixture 
was stirred at 0 °C for 1 h whereupon Et2O (15 mL) was added. The mixture was then filtered 
through a medium-porosity fritted funnel and the collected solids were washed with Et2O (10 
mL). The filtrate was concentrated in vacuo and the residue was purified by column 
chromatography (silica gel, hexanes/EtOAc, 30/1) to afford 645 mg (91%) of 131 as a colorless 
oil. The data for 131 matched those reported in the literature.203  
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(Allyloxy)dimethyl(1-naphthyl)silane (132) 
Si
Cl
Me Me
+
HO
Et3N, THF
Si
O
Me Me
132  
Following General Procedure XX, allyl alcohol (0.16 mL, 2.26 mmol, 1.0 equiv), 
triethylamine (0.63 mL, 4.53 mmol, 2.0 equiv), and THF (4.5 mL) were combined and cooled to 
0 °C.  Chlorodimethylnaphthylsilane (0.42 mL, 2.26 mmol, 1.0 equiv) was added dropwise and 
warmed to rt.  After 60 min, the mixture was filtered and crude material was purified by column 
chromatography twice (SiO2, 30 mm x 100 mm, hexanes/EtOAc, 30/1) which afforded 123 mg 
(22 %) of 132 as a colorless oil. 
Data for 132: 
 1H NMR:      (500 MHz, CDCl3) 
  8.32 (d, 1 H, J = 8.1 Hz), 7.86-7.91 (m, 2 H), 7.74 (dd, 1 H, J1 = 1.0 Hz, J2 = 6.6 
Hz), 7.45-7.54 (m, 3 H), 5.92 (dddd, 1 H, J1 = J2 = 4.9 Hz, J3 = 10.3 Hz, J4 = 17.1 
Hz), 5.26 (dddd, 1 H, , J1 = J2 = J3 = 1.7 Hz, J4 = 17.1 Hz), 5.08 (dddd, 1 H, J1 = 
J2 = J3 = 1.5 Hz, J4 = 10.5 Hz), 4.15 (ddd, 2 H, J1 = J2 = 1.2 Hz, J3 = 4.9 Hz), 0.56 
(s, 6 H) 
 13C NMR: (126 MHz, CDCl3) 
  137.0, 136.9, 135.6, 133.9, 133.3, 130.5, 128.9, 128.2, 126.1, 125.6, 125.0, 114.8, 
64.1, -0.5 
 HRMS: (ESI, 70eV) 
  calcd for C15H18OSi (M+): 242.1127; found: 242.1123 
 TLC: Rf  0.23 (hexanes/Et2O, 30/1) [silica gel, UV] 
 GC: tR = 6.15 min (HP-1, 150 °C, 3.5 min, 25 °C/min, 220 °C, 1 min, 16 psi) 
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(Allyloxy)dimethyl(4-methoxyphenyl)silane (133). 
Si
Cl
Me Me
+
HO
Et3N, THF
Si
O
Me Me
MeO MeO 133  
Following General Procedure XX, allyl alcohol (0.17 mL, 2.51 mmol, 1.0 equiv), 
triethylamine (0.70 mL, 5.02 mmol, 2.0 equiv), and THF (8.3 mL) were combined and cooled to 
0 °C.  Chlorodimethyl(4-methoxyphenyl)silane (0.42 mL, 2.26 mmol, 1.0 equiv) was added 
dropwise and warmed to rt.  After 90 min, the mixture was filtered and crude material was 
purified by column chromatography twice (SiO2, 30 mm x 80 mm, hexanes/EtOAc, 20/1) which 
afforded 454 mg (81 %) of 133 as a colorless oil. 
Data for 133: 
 1H NMR:      (500 MHz, CDCl3) 
  7.54 (d, 2 H, J = 8.6 Hz), 6.95 (d, 2 H, J = 8.6 Hz), 5.92 (dddd, 1 H, J1 = J2 = 4.9 
Hz, J3 = 10.0 Hz, J4 = 17.2 Hz), 5.27 (dddd, 1 H, , J1 = J2 = J3 = 1.7 Hz, J4 = 17.2 
Hz), 5.10 (dddd, 1 H, J1 = J2 = J3 = 1.5 Hz, J4 = 10.3 Hz), 4.14 (ddd, 2 H, J1 = J2 
= 1.5 Hz, J3 = 4.9 Hz), 3.83 (s, 3 H), 0.40 (s, 6 H); 
 13C NMR: (126 MHz, CDCl3) 
  160.9, 137.1, 135.1, 128.6, 114.6, 113.5, 63.9, 55.0, -1.6 
 HRMS: (ESI, 70eV) 
  calcd for C12H18O2Si (M+): 222.1076; found: 222.1077 
 GC: tR = 3.35 min (HP-1, 150 °C, 3.5 min, 25 °C/min, 175 °C, 0.5 min, 16 psi). 
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(Allyloxy)dimethyl(4-trifluoromethyl)phenylsilane (134) 
Si
Cl
Me Me
+
HO
Et3N, THF
Si
O
Me Me
F3C F3C 134  
Following General Procedure XX, allyl alcohol (0.14 mL, 2.00 mmol, 1.0 equiv), 
triethylamine (0.56 mL, 4.00 mmol, 2.0 equiv), and THF (6.5 mL) were combined and cooled to 
0 °C.  Chlorodimethyl(4-trifluoromethylphenyl)silane (474 mg, 2.00 mmol, 1.0 equiv) was 
added dropwise and warmed to rt.  After 60 min, the mixture was filtered and crude material was 
purified by column chromatography (SiO2, 30 mm x 150 mm, EtOAc/hexanes, 1/30) which 
afforded 357 mg (69 %) of 134 as a colorless oil. 
Data for 134: 
 1H NMR:      (500 MHz, CDCl3) 
  7.70 (d, 2 H, J = 7.6 Hz), 7.62 (d, 2 H, J = 7.8 Hz), 5.91 (dddd, 1 H, J1 = J2 = 4.9 
Hz, J3 = 10.0 Hz, J4 = 17.1 Hz), 5.26 (dddd, 1 H, J1 = J2 = J3 = 1.5 Hz, J4 = 10.3 
Hz), 5.11 (dddd, 1 H, J1 = J2 = J3 = 1.7 Hz, J4 = 17.1 Hz), 4.16 (ddd, 2 H, J1 = J2 
= 1.7 Hz, J3 = 4.9 Hz) 
 13C NMR: (126 MHz, CDCl3) 
  142.6, 136.7, 133.8, 131.5 (q, JCF = 32.2 Hz), 124.4 (q, JCF = 3.7 Hz), 124.2 (q, 
JCF = 272.5 Hz), 114.9, 64.2, -1.8 
 19F NMR: (470 MHz, CDCl3) 
  -63.4 
 HRMS: (ESI, 70eV) 
  calcd for C15H15OSiF3 (M+): 260.0844; found: 260.0843 
 GC: tR = 3.35 min (HP-1, 115 °C, 2.0 min, 25 °C/min, 150 °C, 2.0 min, 16 psi). 
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(E)-(Allyloxy)dimethyl(1-heptenyl)silane (135) 
+
HO
Et3N, THF
C5H11
Si
Cl
Me Me
C5H11
Si
O
Me Me
135  
Following General Procedure XX, allyl alcohol (0.14 mL, 2.00 mmol, 1.0 equiv), 
triethylamine (0.56 mL, 4.00 mmol, 2.0 equiv), and THF (6.7 mL) were combined and cooled to 
0 °C.  (E)-(heptenyl)chlorodimethylsilane (374 mg, 2.00 mmol, 1.0 equiv) was added dropwise 
and warmed to rt.  After 60 min, the mixture was filtered and crude material was purified by 
column chromatography twice (SiO2, 30 mm x 100 mm, EtOAc/hexanes, 1/30) which afforded 
353 mg (85 %) of 135 as a colorless oil. 
Data for 135: 
 1H NMR:      (500 MHz, CDCl3) 
  6.18 (dt, 1 H, , J1 = 6.3 Hz, J2 = 18.8 Hz), 5.92 (dddd, 1 H, J1 = J2 = 4.9 Hz, J3 = 
10.0 Hz, J4 = 17.1 Hz), 5.62 (dt, 1 H, J1 = 1.7 Hz, J2 = 18.8 Hz), 5.24 (dddd, 1 H, 
J1 = J2 = J3 = 1.7 Hz, J4 = 17.1 Hz), 5.08 (dddd, 1 H, J1 = J2 = J3 = 1.5 Hz, J4 = 
10.3 Hz), 4.13 (ddd, 2 H, J1 = J2 = 1.5 Hz, J3 = 4.9 Hz), 2.12 (qd, 2 H, J1 = 1.5 
Hz, J2 = 7.3 Hz), 1.40 (qn, 2 H, J = 7.6 Hz), 1.25-1.33 (m, 4 H), 0.89 (t, 3 H, J = 
6.8 Hz), 0.17 (s, 6 H); 
 13C NMR: (126 MHz, CDCl3) 
  150.4, 137.5, 127.0, 114.8, 64.0, 36.8, 31.6, 28.4, 22.7, 14.2, -1.6 
 HRMS: (ESI, 70eV) 
  calcd for C12H24OSi (M+): 212.1597; found: 212.1596 
 TLC: Rf  0.29 (hexanes/Et2O, 40/1) [silica gel, UV] 
 GC: tR = 1.85 min (HP-1, 150 °C, 3.5 min, 16 psi) 
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General Procedure XXI:  Preparation of the Neutral η1-allyl Complexes.158  
Neutral dppb η1-allyl complex [(Ph2P(CH2)4PPh2)Pd(η1-C3H5)Cl] (136) 
P
Pd
P Cl
Ph Ph
PhPh
137Pd Pd
Cl
Cl
APC
+ Ph2P
PPh2
 
Bis(1,4-diphenylphosphino)butane (291.2 mg, 0.6828 mmol, 2.0 equiv) was to a solution 
of [(C3H5PdCl)]2 (124.9 mg, 0.341 mmol, 1.0 equiv) in dry toluene (15.0 mL) in a flame-dried, 
2-neck, 25-mL, round-bottomed flask equipped with an Ar inlet and septum. The resulting 
mixture was stirred for 30 min at rt at which point the mixture was filtered through a medium-
porosity fritted funnel. The solids were further dried using high vacuum (0.05 mmHg) overnight 
to afford 401 mg (96%) of 136 as a white solid. Data for 136 matched those reported in the 
literature.158  
 
Neutral dppe η1-allyl complex [(Ph2P(CH2)2PPh2)Pd(η1-C3H5)Cl] (137) 
Pd
Cl
137Pd Pd
Cl
Cl
APC
+ Ph2P
PPh2
Ph2
P
P
Ph2
 
Data for 137: 
 1H NMR:      (500 MHz, CDCl3) 
  7.57-7.63 (m, 8 H), 7.47-7.50 (m, 12 H), 5.80 (qn, 1 H, J = 10.7 Hz), 4.15 (br s, 4 
H), 2.86 (d, 4 H, J = 18.6 Hz); 
 13C NMR: (126 MHz, CDCl3) 
  132.6 (t, JCP = 6.4 Hz), 131.8, 129.6 (t, JCP = 5.5 Hz), 122.9 (t, JCP = 5.5 Hz), 70.9 
(t, JCP = 17.5 Hz), 27.5 (t, JCP = 23.0 Hz) 
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 31P NMR: (202 MHz, CDCl3) 
  51.8  
 
Neutral dppp η1-allyl complex [(Ph2P(CH2)3PPh2)Pd(η1-C3H5)Cl . CH2Cl2] (138) 
Pd
Cl
138Pd Pd
Cl
Cl
APC
+ Ph2P
Ph2
P
P
Ph2
PPh2
 
Data for 138: 
 1H NMR:      (500 MHz, CDCl3) 
  7.51 (br s, 8 H), 7.28-7.35 (m, 12 H), 5.58 (qn, 1 H, J = 10.8 Hz), 5.26 (s, 2H), 
3.73 (br s, 4 H), 3.73 (br s, 4 H), 3.11 (br s, 4 H), 2.03 (br s, 2 H) 
 13C NMR: (126 MHz, CDCl3) 
  132.8 (br), 130.2, 128.5 (t, JCP = 4.6 Hz), 119.3 (t, JCP = 6.4 Hz), 71.3 (t, JCP = 
16.6 Hz), 53.4, 24.9 (t, JCP = 13.8 Hz), 19.4 
 31P NMR: (202 MHz, CDCl3) 
  6.4  
 
Neutral dppf η1-allyl complex [(Fe(C5H5PPh2)2)Pd(η1-C3H5)Cl] (139) 
Pd
Cl
139
Pd Pd
Cl
Cl
APC
+
Ph2
P
P
Ph2
Fe
PPh2
PPh2
Fe
 
Data for 139 matches that reported  in the literature.129 
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Preparation of Rubidium Dimethylphenylsilanolate (Rb+85–) 
Si
OH
Me Me
Rb0
Si
O–Rb+
Me Me
Rb+85–
 
In a dry box, a one-necked flask was charged with dry, degassed benzene (17 mL) 
followed by rubidium metal (296 mg, 3.46 mmol). To this suspension was added 85 (554 mg, 
3.64 mmol, 1.05 equiv) dropwise over 5 min. The resulting mixture was stirred for 30 min 
further, and then was filtered through a medium-porosity fritted funnel into a preweighed one-
necked flask fitted with a vacuum stopcock adaptor. The flask was removed from the dry box 
and the solvent evaporated in vacuo to give a semi-solid. The residue was transferred back into 
the dry box and was washed with dry hexane (5 mL) and filtered through a medium-porosity 
fritted funnel. The collected solids were further washed with dry hexane (3 x 5 mL). The solids 
were placed in a flame-dried, 15-mL recovery flask equipped with a vacuum stopcock adaptor 
and any excess volatiles were removed in vacuo to give 302 mg (37%) of Rb+85– as a white 
solid. 
Data for Rb+85–: 
 1H NMR:      (500 MHz, d8-THF) 
  7.55 (dd, 2 H, J1 = 1.2 Hz, J2 = 7.8 Hz), 7.12-7.21 (m, 3 H), 0.07 (s, 6 H). 
 
Preparation of Cesium Dimethylphenylsilanolate (Cs+85-) 
  Following the same procedure for the preparation of the rubidium silanolate, cesium (141 
mg, 1.06 mmol, 1.0 equiv), 85 (174 mg, 1.11 mmol, 1.05 equiv) and benzene (5 mL) were 
combined and stirred at rt. After 30 min, the mixture was filtered, concentrated and crude 
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material was washed with hexanes (2 x 5 mL) and dried in vacuo (0.2 mmHg) which provided 
272 mg (90 %) of Cs+85- as a white solid. 
Data for Cs+85-: 
 1H NMR:      (500 MHz, d8-THF) 
7.56 (dd, 2 H, J1 = 1.2 Hz, J2 = 7.8 Hz), 7.18-7.22 (m, 2 H), 7.12-7.15 (m, 1 H), 
0.09 (s, 6 H) 
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General Procedure XXII:  Reduction of APC with Silanolates (Table 26). 
(Allyloxy)dimethylphenylsilane (131) (Table 26, entry 1) 
Bis(1,4-diphenylphosphino)butane (43 mg, 0.10 mmol, 1.0 equiv) was added to a 
solution of [(C3H5PdCl)2] (18 mg, 0.049 mmol, 0.5 equiv) and biphenyl (6.7 mg, 0.043 mmol) in 
dry toluene (0.2 mL) in a flame-dried, 2-neck round-bottomed flask equipped with an Ar inlet 
and septum. Upon addition of the dppb, a white precipitate formed. The mixture was stirred for 5 
min at rt. Thereafter, K+85– was added as a solid (19 mg, 0.010 mmol) or as a solution in toluene 
(396 mL, 0.252 M, 0.10 mmol). The reaction mixture was maintained at rt. and the reaction 
progress was monitored by GC at certain time intervals. Sampling of the reaction was performed 
by removing a 30 mL aliquot of the mixture by syringe. The aliquot was quenched onto a 10% 
aq. 2-(dimethylamino)ethanethiol hydrochloride solution (0.2 mL) and was diluted with Et2O 
(0.5 mL). The organic portion was filtered through a small plug of silica gel and then was eluted 
with 1.0 mL of Et2O. The aliquot was analyzed by GC (HP-1, 150 °C, 3.5 min, 25 °C/min, 225 
°C, 0.5 min, 16 psi). 
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General Procedure V:  Reduction of Neutral η1-Allyl Complexes Study (Table 27). 
Neutral dppb η1-Allyl Complex [(Ph2P(CH2)4PPh2)Pd(η1-C3H5)Cl] (136) (Table 27, entry 
4) 
A solution of [(Ph2P(CH2)4PPh2)Pd(η1-C3H5)Cl] (12.4 mg, 0.020 mmol, 1.0 equiv) and 
biphenyl (5.0 mg, 0.324 mmol) in dry CH2Cl2 (1.9 mL, 0.01 M) was charged into a flame-dried, 
2-neck, round-bottomed flask equipped with an Ar inlet and septum. The reaction mixture was 
cooled to 0 °C. Thereafter, K+85– was added as a solution in CH2Cl2 (70 mL, 0.284 M, 0.020 
mmol). The reaction was maintained at 0 °C and the reaction progress was monitored by GC at 
certain time intervals. Sampling of the reaction was performed by removing a 80 µL aliquot of 
the mixture by syringe. The aliquot was quenched onto a 10% aq. 2-(dimethylamino)ethanethiol 
hydrochloride solution (0.2 mL) and was diluted with Et2O (0.5 mL). The organic portion was 
filtered through a small plug of silica gel and was then eluted with 1.0 mL of Et2O. The aliquot 
was analyzed by GC (HP-1, 150 °C, 3.5 min, 25 °C/min, 225 °C, 0.5 min, 16 psi). 
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General Procedure XXIII:  Metal Counter Ion Study (Table 28). 
Potassium Dimethylphenylsilanolate (Table 28, entry 2) 
A solution of [(Ph2P(CH2)4PPh2)Pd(η1-C3H5)Cl] (12.4 mg, 0.020 mmol, 1.0 equiv) and 
biphenyl (5.0 mg, 0.324 mmol) in dry CH2Cl2 (1.9 mL, 0.01 M) was charged into a flame-dried, 
2-neck, round-bottomed flask equipped with an Ar inlet and septum. The solution was cooled to 
0 °C. Thereafter, K+85– was added as a solution in CH2Cl2 (70 mL, 0.284 M, 0.020 mmol). The 
mixture was maintained at 0 °C and the reaction progress was monitored by GC at certain time 
intervals. Sampling of the reaction was performed by removing a 80 mL aliquot of the mixture 
by syringe. The aliquot was quenched onto a 10% aq 2-(dimethylamino) ethanethiol 
hydrochloride solution (0.2 mL) and was diluted with Et2O (0.5 mL). The organic portion was 
filtered through a small plug of silica gel and then was eluted with 1.0 mL of Et2O. The aliquot 
was analyzed by GC Method 6 (HP-1, 150 °C, 3.5 min, 25 °C/min, 225 °C, 0.5 min, 16 psi). 
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8.9. X-ray Crystal Structures 
X-Ray Crystal Structure of 70 (ba80gas) 
Crystal Data and Structure Refinement for ba80gas: 
 
Identification code  ba80gas 
Empirical formula  C27 H44 F O2 P Pd Si 
Formula weight  585.08 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c   
Unit cell dimensions a = 25.0154(13) Å a= 90°. 
 b = 11.3144(6) Å b= 109.649(2)°. 
 c = 22.0186(11) Å g = 90°. 
Volume 5869.1(5) Å3 
Z 8 
Density (calculated) 1.324 Mg/m3 
Absorption coefficient 0.754 mM-1 
F(000) 2448 
Crystal size 0.266 x 0.14 x 0.123 mm3 
Theta range for data collection 1.96 to 25.39°. 
Index ranges -30<=h<=30, -13<=k<=13, -26<=l<=26 
Reflections collected 48461 
Independent reflections 5412 [R(int) = 0.0613] 
Completeness to theta = 25.39° 99.9 %  
Absorption correction Integration 
Max. and min. transmission 0.9473 and 0.8649 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5412 / 0 / 310 
Goodness-of-fit on F2 1.029 
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Final R indices [I>2sigma(I)] R1 = 0.0281, wR2 = 0.0611 
R indices (all data) R1 = 0.0429, wR2 = 0.0668 
Largest diff. peak and hole   0.369 and -0.280 e.Å-3 
 
 
 
Figure 46. X-ray crystal structure of complex 70. 
 The crystals were obtained directly from recrystallization (pentanes) as yellow needles 
0.27 x 0.14 x 0.12 mM in size and mounted using oil (Paratone-N, Exxon) to a thin glass fiver 
with the (0 -1 1) scattering planes roughly normal to the spindle axis. Systematic absences for 70 
were consistent with the space group C2/c. Unit cell dimensions were a = 25.0154(13) Å, b = 
11.3144(6) Å, c = 22.0186(11)  Å, α= 90.00°, β= 109.649(2)°, γ = 90.00°.  Integration 
absorption correction was applied (absorption coefficient µ = 0.754 mM-1), and maximum and 
minimum transmission factors were 0.9473 and 0.8649. The 5412 data points were used in the 
full-matrix least-squares refinement.  The structure was solved using direct methods by using 
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SHELXTL software package.205 A structural model consisting of the host molecule was 
developed. Methyl  H atom positions, R-CH~3~, were optimized by rotation about R-C bonds 
 with idealized C-H, R--H and H--H distances.  Remaining H atoms were  included as riding 
idealized contributors.  Methyl H atom U's were assigned  as 1.5 times U~eq~ of the carrier 
atom; remaining H atom U's were  assigned as 1.2 times carrier U~eq~. 
Table 29.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for ba80gas.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
Pd(1) 1128(1) 1928(1) 635(1) 27(1) 
P(1) 1226(1) 3287(1) 1417(1) 26(1) 
Si(1) 1429(1) -77(1) -269(1) 37(1) 
F(1) 525(1) -2489(2) 1831(1) 62(1) 
O(1) 1069(1) 1046(2) -181(1) 36(1) 
O(2) 3919(1) 513(2) 1343(1) 47(1) 
C(1) 1418(1) 4552(2) 957(1) 34(1) 
C(2) 2043(1) 4482(3) 1001(1) 41(1) 
C(3) 1310(1) 5809(2) 1151(2) 48(1) 
C(4) 1074(1) 4339(3) 238(1) 44(1) 
C(5) 1824(1) 3090(2) 2214(1) 36(1) 
C(6) 1627(1) 2282(3) 2662(1) 45(1) 
C(7) 2323(1) 2466(3) 2086(2) 44(1) 
C(8) 2037(1) 4247(3) 2579(1) 47(1) 
C(9) 539(1) 3654(2) 1567(1) 34(1) 
C(10) 598(1) 4596(3) 2088(2) 48(1) 
C(11) 95(1) 4065(3) 931(2) 50(1) 
C(12) 292(1) 2529(3) 1764(2) 44(1) 
C(13) 965(1) 528(2) 1071(1) 29(1) 
C(14) 1371(1) -118(2) 1536(2) 41(1) 
C(15) 1222(1) -1134(2) 1792(2) 48(1) 
C(16) 669(1) -1495(2) 1571(2) 42(1) 
C(17) 258(1) -910(2) 1095(1) 38(1) 
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C(18) 412(1) 110(2) 845(1) 32(1) 
C(19) 1404(1) -134(3) -1129(2) 59(1) 
C(20) 1164(1) -1533(3) -86(2) 54(1) 
C(21) 2195(1) 75(2) 258(1) 32(1) 
C(22) 2427(1) 1190(2) 435(1) 37(1) 
C(23) 2992(1) 1391(3) 797(1) 37(1) 
C(24) 3352(1) 429(3) 994(1) 35(1) 
C(25) 3139(1) -698(3) 828(1) 39(1) 
C(26) 2576(1) -868(2) 471(1) 37(1) 
C(27) 4144(1) 1670(3) 1525(2) 58(1) 
________________________________________________________________________________  
 
Table 30.   Bond lengths [Å] and angles [°] for  ba80gas. 
_____________________________________________________  
Pd(1)-C(13)  1.965(3) 
Pd(1)-O(1)  2.0163(17) 
Pd(1)-P(1)  2.2591(7) 
P(1)-C(5)  1.898(3) 
P(1)-C(9)  1.902(3) 
P(1)-C(1)  1.906(3) 
Si(1)-O(1)  1.6063(19) 
Si(1)-C(20)  1.870(3) 
Si(1)-C(19)  1.875(3) 
Si(1)-C(21)  1.884(3) 
F(1)-C(16)  1.365(3) 
O(2)-C(24)  1.370(3) 
O(2)-C(27)  1.429(4) 
C(1)-C(3)  1.534(4) 
C(1)-C(2)  1.536(4) 
C(1)-C(4)  1.547(4) 
C(2)-H(2A)  0.9800 
C(2)-H(30i)  0.9800 
C(2)-H(2C)  0.9800 
C(3)-H(3A)  0.9800 
C(3)-H(31i)  0.9800 
C(3)-H(3C)  0.9800 
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C(4)-H(4A)  0.9800 
C(4)-H(4B)  0.9800 
C(4)-H(4C)  0.9800 
C(5)-C(8)  1.535(4) 
C(5)-C(7)  1.540(4) 
C(5)-C(6)  1.542(4) 
C(6)-H(6A)  0.9800 
C(6)-H(6B)  0.9800 
C(6)-H(6C)  0.9800 
C(7)-H(7A)  0.9800 
C(7)-H(7B)  0.9800 
C(7)-H(7C)  0.9800 
C(8)-H(8A)  0.9800 
C(8)-H(8B)  0.9800 
C(8)-H(8C)  0.9800 
C(9)-C(10)  1.536(4) 
C(9)-C(11)  1.537(4) 
C(9)-C(12)  1.539(4) 
C(10)-H(10A)  0.9800 
C(10)-H(10B)  0.9800 
C(10)-H(10C)  0.9800 
C(11)-H(11A)  0.9800 
C(11)-H(11B)  0.9800 
C(11)-H(11C)  0.9800 
C(12)-H(12A)  0.9800 
C(12)-H(130i)  0.9800 
C(12)-H(12C)  0.9800 
C(13)-C(14)  1.383(4) 
C(13)-C(18)  1.387(3) 
C(14)-C(15)  1.385(4) 
C(14)-H(14A)  0.9500 
C(15)-C(16)  1.365(4) 
C(15)-H(15A)  0.9500 
C(16)-C(17)  1.367(4) 
C(17)-C(18)  1.387(4) 
C(17)-H(31o)  0.9500 
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C(18)-H(18A)  0.9500 
C(19)-H(19A)  0.9800 
C(19)-H(19B)  0.9800 
C(19)-H(19C)  0.9800 
C(20)-H(20A)  0.9800 
C(20)-H(20B)  0.9800 
C(20)-H(31j)  0.9800 
C(21)-C(22)  1.388(4) 
C(21)-C(26)  1.402(4) 
C(22)-C(23)  1.389(4) 
C(22)-H(22A)  0.9500 
C(23)-C(24)  1.385(4) 
C(23)-H(23A)  0.9500 
C(24)-C(25)  1.382(4) 
C(25)-C(26)  1.377(4) 
C(25)-H(25A)  0.9500 
C(26)-H(26A)  0.9500 
C(27)-H(27A)  0.9800 
C(27)-H(27B)  0.9800 
C(27)-H(27C)  0.9800 
 
C(13)-Pd(1)-O(1) 94.08(9) 
C(13)-Pd(1)-P(1) 99.39(7) 
O(1)-Pd(1)-P(1) 166.51(6) 
C(5)-P(1)-C(9) 110.02(12) 
C(5)-P(1)-C(1) 108.50(12) 
C(9)-P(1)-C(1) 109.44(12) 
C(5)-P(1)-Pd(1) 118.29(9) 
C(9)-P(1)-Pd(1) 114.15(9) 
C(1)-P(1)-Pd(1) 95.08(8) 
O(1)-Si(1)-C(20) 114.71(12) 
O(1)-Si(1)-C(19) 108.58(13) 
C(20)-Si(1)-C(19) 107.09(16) 
O(1)-Si(1)-C(21) 110.38(11) 
C(20)-Si(1)-C(21) 108.01(14) 
C(19)-Si(1)-C(21) 107.82(13) 
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Si(1)-O(1)-Pd(1) 128.52(11) 
C(24)-O(2)-C(27) 117.2(2) 
C(3)-C(1)-C(2) 107.6(2) 
C(3)-C(1)-C(4) 109.9(2) 
C(2)-C(1)-C(4) 105.1(2) 
C(3)-C(1)-P(1) 116.67(18) 
C(2)-C(1)-P(1) 111.21(18) 
C(4)-C(1)-P(1) 105.89(19) 
C(1)-C(2)-H(2A) 109.5 
C(1)-C(2)-H(30i) 109.5 
H(2A)-C(2)-H(30i) 109.5 
C(1)-C(2)-H(2C) 109.5 
H(2A)-C(2)-H(2C) 109.5 
H(30i)-C(2)-H(2C) 109.5 
C(1)-C(3)-H(3A) 109.5 
C(1)-C(3)-H(31i) 109.5 
H(3A)-C(3)-H(31i) 109.5 
C(1)-C(3)-H(3C) 109.5 
H(3A)-C(3)-H(3C) 109.5 
H(31i)-C(3)-H(3C) 109.5 
C(1)-C(4)-H(4A) 109.5 
C(1)-C(4)-H(4B) 109.5 
H(4A)-C(4)-H(4B) 109.5 
C(1)-C(4)-H(4C) 109.5 
H(4A)-C(4)-H(4C) 109.5 
H(4B)-C(4)-H(4C) 109.5 
C(8)-C(5)-C(7) 109.0(2) 
C(8)-C(5)-C(6) 107.5(2) 
C(7)-C(5)-C(6) 107.4(2) 
C(8)-C(5)-P(1) 114.23(19) 
C(7)-C(5)-P(1) 108.71(19) 
C(6)-C(5)-P(1) 109.79(19) 
C(5)-C(6)-H(6A) 109.5 
C(5)-C(6)-H(6B) 109.5 
H(6A)-C(6)-H(6B) 109.5 
C(5)-C(6)-H(6C) 109.5 
           
552 
H(6A)-C(6)-H(6C) 109.5 
H(6B)-C(6)-H(6C) 109.5 
C(5)-C(7)-H(7A) 109.5 
C(5)-C(7)-H(7B) 109.5 
H(7A)-C(7)-H(7B) 109.5 
C(5)-C(7)-H(7C) 109.5 
H(7A)-C(7)-H(7C) 109.5 
H(7B)-C(7)-H(7C) 109.5 
C(5)-C(8)-H(8A) 109.5 
C(5)-C(8)-H(8B) 109.5 
H(8A)-C(8)-H(8B) 109.5 
C(5)-C(8)-H(8C) 109.5 
H(8A)-C(8)-H(8C) 109.5 
H(8B)-C(8)-H(8C) 109.5 
C(10)-C(9)-C(11) 109.2(2) 
C(10)-C(9)-C(12) 108.1(2) 
C(11)-C(9)-C(12) 105.7(2) 
C(10)-C(9)-P(1) 114.6(2) 
C(11)-C(9)-P(1) 108.98(18) 
C(12)-C(9)-P(1) 109.86(19) 
C(9)-C(10)-H(10A) 109.5 
C(9)-C(10)-H(10B) 109.5 
H(10A)-C(10)-H(10B) 109.5 
C(9)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
C(9)-C(11)-H(11A) 109.5 
C(9)-C(11)-H(11B) 109.5 
H(11A)-C(11)-H(11B) 109.5 
C(9)-C(11)-H(11C) 109.5 
H(11A)-C(11)-H(11C) 109.5 
H(11B)-C(11)-H(11C) 109.5 
C(9)-C(12)-H(12A) 109.5 
C(9)-C(12)-H(130i) 109.5 
H(12A)-C(12)-H(130i) 109.5 
C(9)-C(12)-H(12C) 109.5 
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H(12A)-C(12)-H(12C) 109.5 
H(130i)-C(12)-H(12C) 109.5 
C(14)-C(13)-C(18) 118.7(2) 
C(14)-C(13)-Pd(1) 124.5(2) 
C(18)-C(13)-Pd(1) 116.47(19) 
C(13)-C(14)-C(15) 120.6(3) 
C(13)-C(14)-H(14A) 119.7 
C(15)-C(14)-H(14A) 119.7 
C(16)-C(15)-C(14) 118.8(3) 
C(16)-C(15)-H(15A) 120.6 
C(14)-C(15)-H(15A) 120.6 
C(15)-C(16)-F(1) 118.5(3) 
C(15)-C(16)-C(17) 122.6(3) 
F(1)-C(16)-C(17) 118.9(3) 
C(16)-C(17)-C(18) 118.0(3) 
C(16)-C(17)-H(31o) 121.0 
C(18)-C(17)-H(31o) 121.0 
C(13)-C(18)-C(17) 121.2(3) 
C(13)-C(18)-H(18A) 119.4 
C(17)-C(18)-H(18A) 119.4 
Si(1)-C(19)-H(19A) 109.5 
Si(1)-C(19)-H(19B) 109.5 
H(19A)-C(19)-H(19B) 109.5 
Si(1)-C(19)-H(19C) 109.5 
H(19A)-C(19)-H(19C) 109.5 
H(19B)-C(19)-H(19C) 109.5 
Si(1)-C(20)-H(20A) 109.5 
Si(1)-C(20)-H(20B) 109.5 
H(20A)-C(20)-H(20B) 109.5 
Si(1)-C(20)-H(31j) 109.5 
H(20A)-C(20)-H(31j) 109.5 
H(20B)-C(20)-H(31j) 109.5 
C(22)-C(21)-C(26) 115.1(3) 
C(22)-C(21)-Si(1) 119.9(2) 
C(26)-C(21)-Si(1) 124.9(2) 
C(21)-C(22)-C(23) 124.0(3) 
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C(21)-C(22)-H(22A) 118.0 
C(23)-C(22)-H(22A) 118.0 
C(24)-C(23)-C(22) 118.7(3) 
C(24)-C(23)-H(23A) 120.7 
C(22)-C(23)-H(23A) 120.7 
O(2)-C(24)-C(25) 116.5(2) 
O(2)-C(24)-C(23) 124.2(3) 
C(25)-C(24)-C(23) 119.4(3) 
C(26)-C(25)-C(24) 120.6(3) 
C(26)-C(25)-H(25A) 119.7 
C(24)-C(25)-H(25A) 119.7 
C(25)-C(26)-C(21) 122.3(3) 
C(25)-C(26)-H(26A) 118.9 
C(21)-C(26)-H(26A) 118.9 
O(2)-C(27)-H(27A) 109.5 
O(2)-C(27)-H(27B) 109.5 
H(27A)-C(27)-H(27B) 109.5 
O(2)-C(27)-H(27C) 109.5 
H(27A)-C(27)-H(27C) 109.5 
H(27B)-C(27)-H(27C) 109.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
Table 31.   Anisotropic displacement parameters  (Å2x 103) for ba80gas.  The anisotropic 
displacement factor exponent takes the form:  -2p2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Pd(1) 26(1)  30(1) 26(1)  -4(1) 9(1)  1(1) 
P(1) 30(1)  26(1) 22(1)  0(1) 11(1)  0(1) 
Si(1) 37(1)  38(1) 38(1)  -13(1) 16(1)  -1(1) 
F(1) 66(1)  37(1) 83(2)  15(1) 27(1)  -7(1) 
O(1) 35(1)  44(1) 29(1)  -9(1) 12(1)  4(1) 
O(2) 35(1)  61(1) 40(1)  8(1) 8(1)  7(1) 
C(1) 45(2)  31(1) 30(2)  6(1) 19(1)  1(1) 
C(2) 47(2)  39(2) 45(2)  3(1) 24(2)  -7(1) 
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C(3) 70(2)  31(2) 56(2)  7(1) 36(2)  2(2) 
C(4) 50(2)  56(2) 31(2)  14(1) 20(1)  10(2) 
C(5) 42(2)  35(2) 26(1)  2(1) 5(1)  -8(1) 
C(6) 56(2)  41(2) 31(2)  7(1) 5(1)  -13(1) 
C(7) 33(2)  43(2) 47(2)  6(2) 1(1)  -3(1) 
C(8) 58(2)  46(2) 33(2)  -5(1) 10(2)  -19(2) 
C(9) 37(2)  37(2) 35(2)  -2(1) 20(1)  1(1) 
C(10) 63(2)  41(2) 56(2)  -9(2) 41(2)  -2(2) 
C(11) 37(2)  66(2) 51(2)  6(2) 19(2)  15(2) 
C(12) 45(2)  47(2) 48(2)  -11(2) 28(2)  -9(2) 
C(13) 29(1)  27(1) 30(1)  -5(1) 9(1)  1(1) 
C(14) 25(2)  33(2) 56(2)  -3(1) 2(1)  -1(1) 
C(15) 43(2)  32(2) 57(2)  8(2) 3(2)  4(1) 
C(16) 45(2)  29(1) 53(2)  1(1) 18(2)  -4(1) 
C(17) 32(2)  36(2) 47(2)  -8(1) 14(1)  -6(1) 
C(18) 27(1)  36(2) 31(2)  -3(1) 7(1)  1(1) 
C(19) 58(2)  78(2) 44(2)  -25(2) 21(2)  4(2) 
C(20) 48(2)  41(2) 76(2)  -18(2) 27(2)  -7(2) 
C(21) 38(2)  32(1) 33(2)  -2(1) 21(1)  1(1) 
C(22) 35(2)  34(2) 45(2)  -2(1) 18(1)  6(1) 
C(23) 36(2)  35(2) 43(2)  -4(1) 18(1)  -2(1) 
C(24) 31(2)  51(2) 25(1)  7(1) 13(1)  5(1) 
C(25) 46(2)  38(2) 36(2)  9(1) 19(1)  12(1) 
C(26) 51(2)  34(2) 34(2)  -1(1) 23(1)  3(1) 
C(27) 39(2)  75(3) 51(2)  -1(2) 5(2)  -7(2) 
______________________________________________________________________________  
 
Table 32.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for ba80gas. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(2A) 2108 5019 683 62 
H(30i) 2133 3671 912 62 
H(2C) 2287 4712 1435 62 
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H(3A) 1450 6384 907 72 
H(31i) 1510 5921 1614 72 
H(3C) 902 5925 1057 72 
H(4A) 1148 4982 -22 66 
H(4B) 668 4316 179 66 
H(4C) 1188 3585 100 66 
H(6A) 1951 2096 3048 68 
H(6B) 1470 1549 2434 68 
H(6C) 1334 2688 2787 68 
H(7A) 2578 2128 2490 66 
H(7B) 2532 3039 1918 66 
H(7C) 2177 1834 1769 66 
H(8A) 2329 4071 2994 70 
H(8B) 1719 4658 2653 70 
H(8C) 2198 4752 2322 70 
H(10A) 221 4805 2099 72 
H(10B) 780 5302 1988 72 
H(10C) 830 4284 2509 72 
H(11A) -276 4137 988 75 
H(11B) 70 3485 592 75 
H(11C) 207 4833 808 75 
H(12A) -71 2716 1820 66 
H(130i) 558 2226 2170 66 
H(12C) 232 1929 1427 66 
H(14A) 1755 137 1681 49 
H(15A) 1500 -1571 2116 57 
H(31o) -121 -1192 941 46 
H(18A) 133 530 514 38 
H(19A) 1562 598 -1235 89 
H(19B) 1009 -220 -1413 89 
H(19C) 1627 -809 -1188 89 
H(20A) 1176 -1542 364 80 
H(20B) 1405 -2169 -153 80 
H(31j) 772 -1653 -372 80 
H(22A) 2184 1855 302 44 
H(23A) 3130 2172 906 44 
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H(25A) 3384 -1361 962 46 
H(26A) 2440 -1652 364 45 
H(27A) 4554 1616 1754 86 
H(27B) 3959 2031 1807 86 
H(27C) 4074 2157 1137 86 
________________________________________________________________________________  
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X-Ray Crystal Structure of 107 (ga96pas) 
Crystal Data and Structure Refinement for ga96pas: 
Identification code  ga96pas 
Empirical formula  C42 H44 O2 P2 Pd Si 
Formula weight  777.20 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C 2/c   
Unit cell dimensions a = 38.9379(14) Å α= 90°. 
 b = 10.9293(5) Å β= 99.210(3)°. 
 c = 18.3057(8) Å γ = 90°. 
Volume 7689.8(6) Å3 
Z 8 
Density (calculated) 1.343 Mg/m3 
Absorption coefficient 0.631 mm-1 
F(000) 3216 
Crystal size 0.50 x 0.12 x 0.08 mm3 
Theta range for data collection 1.94 to 30.05°. 
Index ranges -54<=h<=54, -14<=k<=15, -25<=l<=25 
Reflections collected 46758 
Independent reflections 11081 [R(int) = 0.0446] 
Completeness to theta = 30.05° 98.3 %  
Absorption correction Integration 
Max. and min. transmission 0.9668 and 0.7818 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11081 / 0 / 437 
Goodness-of-fit on F2 1.002 
Final R indices [I>2sigma(I)] R1 = 0.0372, wR2 = 0.0746 
R indices (all data) R1 = 0.0713, wR2 = 0.0868 
Largest diff. peak and hole 0.598 and -0.385 e.Å-3 
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Figure 47. X-ray crystal structure of complex 107 
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Table 33.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for ga96pas.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________ 
 x y z U(eq) 
________________________________________________________________________________ 
C(1) 1376(1) 3431(2) 892(1) 38(1) 
C(2) 1560(1) 3092(2) 1671(1) 39(1) 
C(3) 803(1) 4775(2) 37(1) 32(1) 
C(4) 971(1) 4542(2) -565(1) 41(1) 
C(5) 811(1) 4835(3) -1272(2) 48(1) 
C(6) 489(1) 5370(2) -1387(2) 45(1) 
C(7) 319(1) 5616(2) -796(1) 39(1) 
C(8) 475(1) 5317(2) -87(1) 36(1) 
C(9) 693(1) 3243(2) 1248(1) 32(1) 
C(10) 667(1) 3097(2) 1986(1) 41(1) 
C(11) 464(1) 2180(3) 2217(2) 52(1) 
C(12) 283(1) 1403(3) 1709(2) 55(1) 
C(13) 299(1) 1553(3) 969(2) 54(1) 
C(14) 504(1) 2455(2) 737(2) 44(1) 
C(15) 2035(1) 5147(2) 1950(1) 30(1) 
C(16) 2279(1) 4461(2) 1649(1) 38(1) 
C(17) 2571(1) 5026(3) 1453(2) 46(1) 
C(18) 2623(1) 6261(3) 1563(2) 50(1) 
C(19) 2385(1) 6941(3) 1872(2) 49(1) 
C(20) 2090(1) 6401(2) 2055(1) 39(1) 
C(21) 1758(1) 4038(2) 3175(1) 35(1) 
C(22) 2033(1) 4572(2) 3637(2) 45(1) 
C(23) 2104(1) 4283(3) 4386(2) 59(1) 
C(24) 1898(1) 3458(3) 4675(2) 64(1) 
C(25) 1624(1) 2924(3) 4228(2) 62(1) 
C(26) 1550(1) 3212(3) 3481(2) 49(1) 
C(27) 1517(1) 8467(2) 3909(1) 37(1) 
C(28) 1776(1) 7627(2) 4161(1) 38(1) 
C(29) 1993(1) 7752(2) 4832(1) 40(1) 
C(30) 1954(1) 8738(2) 5282(1) 39(1) 
C(31) 1702(1) 9586(3) 5056(2) 55(1) 
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C(32) 1488(1) 9444(3) 4377(2) 57(1) 
C(33) 2106(1) 9713(3) 6447(2) 61(1) 
C(34) 1315(1) 9625(3) 2417(2) 74(1) 
C(35) 769(1) 8503(3) 3171(2) 53(1) 
C(36) 720(1) 6743(2) 1464(1) 33(1) 
C(37) 730(1) 7678(2) 959(1) 40(1) 
C(38) 430(1) 8385(3) 742(2) 49(1) 
C(39) 131(1) 8170(3) 1021(2) 50(1) 
C(40) 118(1) 7227(3) 1516(2) 43(1) 
C(41) 408(1) 6521(2) 1733(1) 35(1) 
C(42) 1049(1) 7931(3) 623(2) 55(1) 
O(1) 1315(1) 7002(2) 2664(1) 43(1) 
O(2) 2174(1) 8775(2) 5954(1) 46(1) 
P(1) 992(1) 4369(1) 977(1) 31(1) 
P(2) 1641(1) 4504(1) 2211(1) 31(1) 
Pd(1) 1156(1) 5758(1) 1845(1) 28(1) 
Si(1) 1224(1) 8284(1) 2987(1) 36(1) 
________________________________________________________________________________
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Table 34.   Bond lengths [Å] and angles [°] for ga96pas. 
_____________________________________________________ 
C(1)-C(2)  1.534(3) 
C(1)-P(1)  1.839(2) 
C(1)-H(1A)  0.9900 
C(1)-H(1B)  0.9900 
C(2)-P(2)  1.832(2) 
C(2)-H(2A)  0.9900 
C(2)-H(30i)  0.9900 
C(3)-C(4)  1.392(3) 
C(3)-C(8)  1.392(3) 
C(3)-P(1)  1.817(2) 
C(4)-C(5)  1.380(4) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.371(4) 
C(5)-H(5)  0.9500 
C(6)-C(7)  1.382(4) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.383(3) 
C(7)-H(7)  0.9500 
C(8)-H(8)  0.9500 
C(9)-C(10)  1.382(3) 
C(9)-C(14)  1.393(3) 
C(9)-P(1)  1.817(2) 
C(10)-C(11)  1.383(4) 
C(10)-H(10)  0.9500 
C(11)-C(12)  1.368(4) 
C(11)-H(11)  0.9500 
C(12)-C(13)  1.376(4) 
C(12)-H(12)  0.9500 
C(13)-C(14)  1.376(4) 
C(13)-H(13)  0.9500 
C(14)-H(14)  0.9500 
C(15)-C(16)  1.393(3) 
C(15)-C(20)  1.395(3) 
C(15)-P(2)  1.819(2) 
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C(16)-C(17)  1.389(3) 
C(16)-H(16)  0.9500 
C(17)-C(18)  1.374(4) 
C(17)-H(17)  0.9500 
C(18)-C(19)  1.379(4) 
C(18)-H(18)  0.9500 
C(19)-C(20)  1.379(3) 
C(19)-H(19)  0.9500 
C(20)-H(20)  0.9500 
C(21)-C(22)  1.383(4) 
C(21)-C(26)  1.389(3) 
C(21)-P(2)  1.823(3) 
C(22)-C(23)  1.391(4) 
C(22)-H(22)  0.9500 
C(23)-C(24)  1.368(4) 
C(23)-H(23)  0.9500 
C(24)-C(25)  1.368(4) 
C(24)-H(24)  0.9500 
C(25)-C(26)  1.388(4) 
C(25)-H(25)  0.9500 
C(26)-H(26)  0.9500 
C(27)-C(32)  1.385(3) 
C(27)-C(28)  1.386(3) 
C(27)-Si(1)  1.891(3) 
C(28)-C(29)  1.383(3) 
C(28)-H(28)  0.9500 
C(29)-C(30)  1.379(3) 
C(29)-H(29)  0.9500 
C(30)-C(31)  1.365(4) 
C(30)-O(2)  1.384(3) 
C(31)-C(32)  1.390(4) 
C(31)-H(31)  0.9500 
C(32)-H(32)  0.9500 
C(33)-O(2)  1.418(3) 
C(33)-H(33A)  0.9800 
C(33)-H(331i)  0.9800 
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C(33)-H(33C)  0.9800 
C(34)-Si(1)  1.867(3) 
C(34)-H(34A)  0.9800 
C(34)-H(34B)  0.9800 
C(34)-H(34C)  0.9800 
C(35)-Si(1)  1.870(3) 
C(35)-H(35A)  0.9800 
C(35)-H(35B)  0.9800 
C(35)-H(35C)  0.9800 
C(36)-C(37)  1.383(3) 
C(36)-C(41)  1.405(3) 
C(36)-Pd(1)  2.035(2) 
C(37)-C(38)  1.403(3) 
C(37)-C(42)  1.495(3) 
C(38)-C(39)  1.366(4) 
C(38)-H(38)  0.9500 
C(39)-C(40)  1.378(4) 
C(39)-H(39)  0.9500 
C(40)-C(41)  1.374(3) 
C(40)-H(40)  0.9500 
C(41)-H(41)  0.9500 
C(42)-H(42A)  0.9800 
C(42)-H(430i)  0.9800 
C(42)-H(42C)  0.9800 
O(1)-Si(1)  1.5844(17) 
O(1)-Pd(1)  2.0441(16) 
P(1)-Pd(1)  2.2159(6) 
P(2)-Pd(1)  2.3431(6) 
 
C(2)-C(1)-P(1) 108.76(15) 
C(2)-C(1)-H(1A) 109.9 
P(1)-C(1)-H(1A) 109.9 
C(2)-C(1)-H(1B) 109.9 
P(1)-C(1)-H(1B) 109.9 
H(1A)-C(1)-H(1B) 108.3 
C(1)-C(2)-P(2) 108.18(16) 
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C(1)-C(2)-H(2A) 110.1 
P(2)-C(2)-H(2A) 110.1 
C(1)-C(2)-H(30i) 110.1 
P(2)-C(2)-H(30i) 110.1 
H(2A)-C(2)-H(30i) 108.4 
C(4)-C(3)-C(8) 119.0(2) 
C(4)-C(3)-P(1) 122.30(19) 
C(8)-C(3)-P(1) 118.73(17) 
C(5)-C(4)-C(3) 120.1(2) 
C(5)-C(4)-H(4) 120.0 
C(3)-C(4)-H(4) 120.0 
C(6)-C(5)-C(4) 120.5(2) 
C(6)-C(5)-H(5) 119.8 
C(4)-C(5)-H(5) 119.8 
C(5)-C(6)-C(7) 120.3(3) 
C(5)-C(6)-H(6) 119.9 
C(7)-C(6)-H(6) 119.9 
C(6)-C(7)-C(8) 119.6(2) 
C(6)-C(7)-H(7) 120.2 
C(8)-C(7)-H(7) 120.2 
C(7)-C(8)-C(3) 120.5(2) 
C(7)-C(8)-H(8) 119.7 
C(3)-C(8)-H(8) 119.7 
C(10)-C(9)-C(14) 118.1(2) 
C(10)-C(9)-P(1) 119.74(18) 
C(14)-C(9)-P(1) 122.03(19) 
C(9)-C(10)-C(11) 121.2(2) 
C(9)-C(10)-H(10) 119.4 
C(11)-C(10)-H(10) 119.4 
C(12)-C(11)-C(10) 119.9(3) 
C(12)-C(11)-H(11) 120.0 
C(10)-C(11)-H(11) 120.0 
C(11)-C(12)-C(13) 119.8(3) 
C(11)-C(12)-H(12) 120.1 
C(13)-C(12)-H(12) 120.1 
C(12)-C(13)-C(14) 120.5(3) 
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C(12)-C(13)-H(13) 119.7 
C(14)-C(13)-H(13) 119.7 
C(13)-C(14)-C(9) 120.5(3) 
C(13)-C(14)-H(14) 119.8 
C(9)-C(14)-H(14) 119.8 
C(16)-C(15)-C(20) 118.9(2) 
C(16)-C(15)-P(2) 123.67(18) 
C(20)-C(15)-P(2) 117.38(18) 
C(17)-C(16)-C(15) 120.1(2) 
C(17)-C(16)-H(16) 119.9 
C(15)-C(16)-H(16) 119.9 
C(18)-C(17)-C(16) 120.3(2) 
C(18)-C(17)-H(17) 119.8 
C(16)-C(17)-H(17) 119.8 
C(17)-C(18)-C(19) 119.8(2) 
C(17)-C(18)-H(18) 120.1 
C(19)-C(18)-H(18) 120.1 
C(18)-C(19)-C(20) 120.6(3) 
C(18)-C(19)-H(19) 119.7 
C(20)-C(19)-H(19) 119.7 
C(19)-C(20)-C(15) 120.1(2) 
C(19)-C(20)-H(20) 119.9 
C(15)-C(20)-H(20) 119.9 
C(22)-C(21)-C(26) 118.1(2) 
C(22)-C(21)-P(2) 121.62(19) 
C(26)-C(21)-P(2) 120.0(2) 
C(21)-C(22)-C(23) 121.3(3) 
C(21)-C(22)-H(22) 119.3 
C(23)-C(22)-H(22) 119.3 
C(24)-C(23)-C(22) 119.6(3) 
C(24)-C(23)-H(23) 120.2 
C(22)-C(23)-H(23) 120.2 
C(25)-C(24)-C(23) 120.0(3) 
C(25)-C(24)-H(24) 120.0 
C(23)-C(24)-H(24) 120.0 
C(24)-C(25)-C(26) 120.7(3) 
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C(24)-C(25)-H(25) 119.7 
C(26)-C(25)-H(25) 119.7 
C(25)-C(26)-C(21) 120.2(3) 
C(25)-C(26)-H(26) 119.9 
C(21)-C(26)-H(26) 119.9 
C(32)-C(27)-C(28) 115.7(2) 
C(32)-C(27)-Si(1) 122.3(2) 
C(28)-C(27)-Si(1) 122.02(18) 
C(29)-C(28)-C(27) 122.6(2) 
C(29)-C(28)-H(28) 118.7 
C(27)-C(28)-H(28) 118.7 
C(30)-C(29)-C(28) 119.8(2) 
C(30)-C(29)-H(29) 120.1 
C(28)-C(29)-H(29) 120.1 
C(31)-C(30)-C(29) 119.5(2) 
C(31)-C(30)-O(2) 124.3(2) 
C(29)-C(30)-O(2) 116.2(2) 
C(30)-C(31)-C(32) 119.7(2) 
C(30)-C(31)-H(31) 120.2 
C(32)-C(31)-H(31) 120.2 
C(27)-C(32)-C(31) 122.8(3) 
C(27)-C(32)-H(32) 118.6 
C(31)-C(32)-H(32) 118.6 
O(2)-C(33)-H(33A) 109.5 
O(2)-C(33)-H(331i) 109.5 
H(33A)-C(33)-H(331i) 109.5 
O(2)-C(33)-H(33C) 109.5 
H(33A)-C(33)-H(33C) 109.5 
H(331i)-C(33)-H(33C) 109.5 
Si(1)-C(34)-H(34A) 109.5 
Si(1)-C(34)-H(34B) 109.5 
H(34A)-C(34)-H(34B) 109.5 
Si(1)-C(34)-H(34C) 109.5 
H(34A)-C(34)-H(34C) 109.5 
H(34B)-C(34)-H(34C) 109.5 
Si(1)-C(35)-H(35A) 109.5 
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Si(1)-C(35)-H(35B) 109.5 
H(35A)-C(35)-H(35B) 109.5 
Si(1)-C(35)-H(35C) 109.5 
H(35A)-C(35)-H(35C) 109.5 
H(35B)-C(35)-H(35C) 109.5 
C(37)-C(36)-C(41) 118.7(2) 
C(37)-C(36)-Pd(1) 120.67(17) 
C(41)-C(36)-Pd(1) 120.59(18) 
C(36)-C(37)-C(38) 119.0(2) 
C(36)-C(37)-C(42) 121.6(2) 
C(38)-C(37)-C(42) 119.3(2) 
C(39)-C(38)-C(37) 121.4(3) 
C(39)-C(38)-H(38) 119.3 
C(37)-C(38)-H(38) 119.3 
C(38)-C(39)-C(40) 119.8(2) 
C(38)-C(39)-H(39) 120.1 
C(40)-C(39)-H(39) 120.1 
C(41)-C(40)-C(39) 119.7(2) 
C(41)-C(40)-H(40) 120.1 
C(39)-C(40)-H(40) 120.1 
C(40)-C(41)-C(36) 121.3(2) 
C(40)-C(41)-H(41) 119.3 
C(36)-C(41)-H(41) 119.3 
C(37)-C(42)-H(42A) 109.5 
C(37)-C(42)-H(430i) 109.5 
H(42A)-C(42)-H(430i) 109.5 
C(37)-C(42)-H(42C) 109.5 
H(42A)-C(42)-H(42C) 109.5 
H(430i)-C(42)-H(42C) 109.5 
Si(1)-O(1)-Pd(1) 143.39(10) 
C(30)-O(2)-C(33) 115.7(2) 
C(9)-P(1)-C(3) 104.05(11) 
C(9)-P(1)-C(1) 102.18(11) 
C(3)-P(1)-C(1) 105.57(11) 
C(9)-P(1)-Pd(1) 113.05(8) 
C(3)-P(1)-Pd(1) 122.59(8) 
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C(1)-P(1)-Pd(1) 107.37(8) 
C(15)-P(2)-C(21) 105.70(11) 
C(15)-P(2)-C(2) 105.20(11) 
C(21)-P(2)-C(2) 106.39(11) 
C(15)-P(2)-Pd(1) 111.99(8) 
C(21)-P(2)-Pd(1) 120.34(7) 
C(2)-P(2)-Pd(1) 106.14(8) 
C(36)-Pd(1)-O(1) 92.17(8) 
C(36)-Pd(1)-P(1) 89.35(7) 
O(1)-Pd(1)-P(1) 178.36(5) 
C(36)-Pd(1)-P(2) 175.32(7) 
O(1)-Pd(1)-P(2) 92.51(5) 
P(1)-Pd(1)-P(2) 85.97(2) 
O(1)-Si(1)-C(34) 114.26(14) 
O(1)-Si(1)-C(35) 117.13(11) 
C(34)-Si(1)-C(35) 105.72(16) 
O(1)-Si(1)-C(27) 106.71(10) 
C(34)-Si(1)-C(27) 105.88(14) 
C(35)-Si(1)-C(27) 106.35(12) 
_____________________________________________________________ 
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Table 35.   Anisotropic displacement parameters (Å2x 103)for ga96pas.  The anisotropic 
displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
______________________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
C(1) 33(1)  40(1) 42(2)  -13(1) 11(1)  4(1) 
C(2) 32(1)  32(1) 54(2)  -7(1) 12(1)  3(1) 
C(3) 37(1)  31(1) 30(1)  -8(1) 8(1)  -5(1) 
C(4) 45(1)  45(2) 36(2)  -7(1) 17(1)  -2(1) 
C(5) 61(2)  52(2) 35(2)  -5(1) 23(1)  -5(1) 
C(6) 57(2)  45(2) 33(2)  -1(1) 9(1)  -7(1) 
C(7) 43(1)  38(1) 37(1)  -2(1) 6(1)  -2(1) 
C(8) 38(1)  39(1) 33(1)  -8(1) 11(1)  -2(1) 
C(9) 32(1)  32(1) 33(1)  -6(1) 8(1)  1(1) 
C(10) 41(1)  43(2) 41(2)  -11(1) 12(1)  -6(1) 
C(11) 65(2)  53(2) 43(2)  -3(1) 22(1)  -9(2) 
C(12) 64(2)  39(2) 67(2)  -2(1) 22(2)  -12(1) 
C(13) 68(2)  37(2) 56(2)  -9(1) 4(2)  -13(1) 
C(14) 55(2)  37(1) 40(2)  -5(1) 7(1)  -7(1) 
C(15) 28(1)  36(1) 26(1)  1(1) 2(1)  1(1) 
C(16) 35(1)  41(2) 37(1)  -5(1) 9(1)  1(1) 
C(17) 35(1)  62(2) 42(2)  -5(1) 14(1)  0(1) 
C(18) 40(1)  65(2) 47(2)  12(1) 12(1)  -10(1) 
C(19) 48(2)  40(2) 58(2)  10(1) 5(1)  -5(1) 
C(20) 39(1)  35(1) 44(2)  2(1) 7(1)  2(1) 
C(21) 37(1)  33(1) 38(1)  4(1) 12(1)  9(1) 
C(22) 54(2)  41(2) 39(2)  2(1) 10(1)  1(1) 
C(23) 79(2)  56(2) 40(2)  3(1) 3(2)  5(2) 
C(24) 94(3)  68(2) 35(2)  11(2) 20(2)  22(2) 
C(25) 70(2)  61(2) 63(2)  21(2) 38(2)  9(2) 
C(26) 44(2)  54(2) 54(2)  8(1) 20(1)  2(1) 
C(27) 33(1)  34(1) 44(2)  -10(1) 8(1)  -5(1) 
C(28) 40(1)  33(1) 44(2)  -8(1) 16(1)  -2(1) 
C(29) 36(1)  41(1) 45(2)  -1(1) 12(1)  2(1) 
C(30) 34(1)  41(1) 41(2)  -2(1) 8(1)  -12(1) 
C(31) 54(2)  48(2) 59(2)  -27(1) -7(2)  9(1) 
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C(32) 53(2)  48(2) 62(2)  -25(1) -11(2)  17(1) 
C(33) 63(2)  72(2) 47(2)  -16(2) -1(2)  -9(2) 
C(34) 97(3)  63(2) 62(2)  7(2) 12(2)  -21(2) 
C(35) 38(1)  60(2) 61(2)  -21(2) 5(1)  4(1) 
C(36) 33(1)  34(1) 32(1)  -7(1) 6(1)  1(1) 
C(37) 42(1)  38(1) 43(2)  -5(1) 13(1)  0(1) 
C(38) 55(2)  40(2) 53(2)  4(1) 9(1)  11(1) 
C(39) 46(2)  48(2) 53(2)  -2(1) 2(1)  13(1) 
C(40) 33(1)  50(2) 48(2)  -12(1) 10(1)  0(1) 
C(41) 33(1)  38(1) 34(1)  -4(1) 6(1)  1(1) 
C(42) 55(2)  56(2) 58(2)  11(2) 25(1)  0(1) 
O(1) 38(1)  46(1) 43(1)  -19(1) 1(1)  5(1) 
O(2) 44(1)  53(1) 40(1)  -4(1) 1(1)  -9(1) 
P(1) 28(1)  34(1) 32(1)  -8(1) 9(1)  1(1) 
P(2) 28(1)  31(1) 34(1)  -1(1) 8(1)  2(1) 
Pd(1) 25(1)  30(1) 29(1)  -6(1) 7(1)  1(1) 
Si(1) 33(1)  35(1) 40(1)  -10(1) 7(1)  -3(1) 
______________________________________________________________________________
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Table 36.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 
for ga96pas. 
________________________________________________________________________________ 
 x  y  z  U(eq) 
________________________________________________________________________________ 
 
H(1A) 1304 2680 607 45 
H(1B) 1537 3895 627 45 
H(2A) 1783 2675 1640 46 
H(30i) 1413 2532 1911 46 
H(4) 1196 4180 -489 49 
H(5) 926 4666 -1681 57 
H(6) 382 5571 -1875 54 
H(7) 95 5989 -877 47 
H(8) 358 5484 320 43 
H(10) 790 3637 2342 49 
H(11) 451 2088 2728 62 
H(12) 147 764 1866 66 
H(13) 168 1030 615 65 
H(14) 516 2540 225 53 
H(16) 2247 3606 1577 45 
H(17) 2736 4557 1242 55 
H(18) 2822 6644 1426 60 
H(19) 2424 7790 1960 59 
H(20) 1924 6883 2253 47 
H(22) 2177 5147 3439 53 
H(23) 2295 4656 4695 71 
H(24) 1945 3257 5186 77 
H(25) 1482 2349 4431 75 
H(26) 1357 2844 3178 59 
H(28) 1805 6938 3861 45 
H(29) 2169 7161 4984 48 
H(31) 1673 10269 5361 66 
H(32) 1314 10043 4227 68 
H(33A) 2264 9626 6918 92 
H(331i) 1865 9650 6534 92 
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H(33C) 2142 10513 6229 92 
H(34A) 1147 9640 1956 111 
H(34B) 1551 9558 2300 111 
H(34C) 1295 10382 2694 111 
H(35A) 609 8528 2700 80 
H(35B) 754 9274 3437 80 
H(35C) 706 7822 3471 80 
H(38) 436 9026 394 59 
H(39) -68 8669 873 59 
H(40) -91 7066 1705 52 
H(41) 397 5870 2073 42 
H(42A) 1252 7966 1015 82 
H(430i) 1022 8716 362 82 
H(42C) 1080 7278 274 82 
________________________________________________________________________________
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X-Ray Crystal Structure of 109 (ga49qas) 
Crystal Data and Structure Refinement for ga49qas: 
Identification code  ga49qas 
Empirical formula  C46 H44 O2 P2 Pd Si 
Formula weight  825.24 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 21    
Unit cell dimensions a = 10.7826(7) Å α= 90°. 
 b = 17.1122(11) Å β= 115.206(4)°. 
 c = 12.4527(8) Å γ = 90°. 
Volume 2078.9(2) Å3 
Z 2 
Density (calculated) 1.318 Mg/m3 
Absorption coefficient 0.588 mm-1 
F(000) 852 
Crystal size 0.42 x 0.21 x 0.10 mm3 
Theta range for data collection 1.81 to 27.48°. 
Index ranges -13<=h<=13, -22<=k<=22, -16<=l<=16 
Reflections collected 23872 
Independent reflections 9098 [R(int) = 0.0289] 
Completeness to theta = 27.48° 99.5 %  
Absorption correction Integration 
Max. and min. transmission 0.9466 and 0.7971 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9098 / 72 / 493 
Goodness-of-fit on F2 1.025 
Final R indices [I>2sigma(I)] R1 = 0.0287, wR2 = 0.0646 
R indices (all data) R1 = 0.0330, wR2 = 0.0667 
Absolute structure parameter -0.014(15) 
Largest diff. peak and hole 0.666 and -0.242 e.Å-3 
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Figure 48. X-ray crystal structure of complex 109. 
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Table 37.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for ga49qas.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________ 
 x y z U(eq) 
________________________________________________________________________________ 
C(1) 1393(3) 2546(2) 4503(2) 26(1) 
C(2) 490(3) 1944(2) 4429(2) 25(1) 
C(3) -888(3) 2008(2) 3624(3) 35(1) 
C(4) -1335(3) 2661(2) 2899(3) 40(1) 
C(5) -439(3) 3259(2) 2985(3) 39(1) 
C(6) 918(3) 3206(2) 3781(3) 34(1) 
C(7) 4080(3) 2284(2) 4609(2) 29(1) 
C(8) 5490(3) 2237(2) 5160(3) 54(1) 
C(9) 6215(3) 2089(3) 4485(3) 61(1) 
C(10) 5539(4) 1976(2) 3283(3) 51(1) 
C(11) 4151(4) 1997(2) 2752(3) 57(1) 
C(12) 3417(3) 2160(2) 3412(3) 50(1) 
C(13) 3688(3) 3363(2) 6239(2) 33(1) 
C(14) 4484(4) 3891(2) 5978(3) 56(1) 
C(15) 4815(5) 4601(2) 6590(4) 74(1) 
C(16) 4397(5) 4776(2) 7447(4) 74(1) 
C(17) 3599(5) 4254(2) 7702(4) 69(1) 
C(18) 3244(4) 3546(2) 7112(3) 54(1) 
C(19) -116(3) 1038(2) 6061(2) 27(1) 
C(20) -11(3) 1592(2) 6919(3) 35(1) 
C(21) -936(3) 1587(2) 7428(3) 42(1) 
C(22) -1948(4) 1023(2) 7098(3) 50(1) 
C(23) -2048(4) 483(2) 6263(4) 55(1) 
C(24) -1136(3) 477(2) 5736(3) 43(1) 
C(25) 801(3) 261(2) 4458(2) 28(1) 
C(26) 400(4) 338(2) 3243(3) 47(1) 
C(27) 180(4) -322(2) 2543(3) 59(1) 
C(28) 361(4) -1054(2) 3039(3) 57(1) 
C(29) 771(4) -1140(2) 4242(3) 44(1) 
C(30) 987(3) -481(2) 4939(3) 35(1) 
C(31) 7559(3) 2244(2) 9502(2) 36(1) 
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C(32) 7368(4) 2972(2) 8939(3) 46(1) 
C(33) 8432(4) 3491(2) 9142(3) 51(1) 
C(34) 9725(4) 3281(2) 9911(3) 53(1) 
C(35) 9994(4) 2581(3) 10466(3) 59(1) 
C(36) 8883(4) 2051(2) 10255(3) 53(1) 
C(37) 12101(5) 3570(6) 10723(9) 88(2) 
C(38) 6684(4) 656(2) 9990(3) 64(1) 
C(39) 4900(4) 2052(2) 9772(3) 55(1) 
C(40) 3295(3) 320(2) 7583(2) 27(1) 
C(41) 4033(3) -333(2) 7513(2) 33(1) 
C(42) 4192(3) -965(2) 8268(3) 41(1) 
C(43) 3672(4) -945(2) 9098(3) 47(1) 
C(44) 2935(3) -313(2) 9170(3) 43(1) 
C(45) 2749(3) 315(2) 8419(2) 34(1) 
C(46) 4644(3) -364(2) 6624(3) 46(1) 
O(1) 5293(2) 1505(1) 7747(2) 32(1) 
O(2) 10715(6) 3857(5) 10107(7) 76(2) 
Si(1) 6026(1) 1587(1) 9149(1) 31(1) 
Pd(1) 3271(1) 1316(1) 6659(1) 22(1) 
P(1) 3172(1) 2415(1) 5539(1) 25(1) 
P(2) 1121(1) 1105(1) 5424(1) 24(1) 
O(3) 10760(20) 3750(18) 9883(14) 75(4) 
C(47) 11800(20) 3941(18) 11047(15) 73(4) 
________________________________________________________________________________
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Table 38.   Bond lengths [Å] and angles [°] for ga49qas. 
_____________________________________________________ 
C(1)-C(2)  1.394(4) 
C(1)-C(6)  1.397(4) 
C(1)-P(1)  1.812(3) 
C(2)-C(3)  1.398(4) 
C(2)-P(2)  1.828(3) 
C(3)-C(4)  1.387(4) 
C(3)-H(3A)  0.9500 
C(4)-C(5)  1.380(4) 
C(4)-H(4A)  0.9500 
C(5)-C(6)  1.377(4) 
C(5)-H(5A)  0.9500 
C(6)-H(6A)  0.9500 
C(7)-C(12)  1.368(4) 
C(7)-C(8)  1.378(4) 
C(7)-P(1)  1.820(3) 
C(8)-C(9)  1.393(4) 
C(8)-H(8A)  0.9500 
C(9)-C(10)  1.371(5) 
C(9)-H(9A)  0.9500 
C(10)-C(11)  1.355(5) 
C(10)-H(10A)  0.9500 
C(11)-C(12)  1.390(4) 
C(11)-H(11A)  0.9500 
C(12)-H(12A)  0.9500 
C(13)-C(14)  1.377(4) 
C(13)-C(18)  1.397(4) 
C(13)-P(1)  1.814(3) 
C(14)-C(15)  1.398(5) 
C(14)-H(14A)  0.9500 
C(15)-C(16)  1.356(6) 
C(15)-H(15A)  0.9500 
C(16)-C(17)  1.368(6) 
C(16)-H(30o)  0.9500 
C(17)-C(18)  1.384(5) 
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C(17)-H(31o)  0.9500 
C(18)-H(18A)  0.9500 
C(19)-C(24)  1.384(4) 
C(19)-C(20)  1.397(4) 
C(19)-P(2)  1.824(2) 
C(20)-C(21)  1.390(4) 
C(20)-H(20A)  0.9500 
C(21)-C(22)  1.381(4) 
C(21)-H(21A)  0.9500 
C(22)-C(23)  1.361(5) 
C(22)-H(22A)  0.9500 
C(23)-C(24)  1.396(4) 
C(23)-H(23A)  0.9500 
C(24)-H(24A)  0.9500 
C(25)-C(30)  1.381(4) 
C(25)-C(26)  1.392(4) 
C(25)-P(2)  1.816(3) 
C(26)-C(27)  1.384(5) 
C(26)-H(26A)  0.9500 
C(27)-C(28)  1.373(5) 
C(27)-H(27A)  0.9500 
C(28)-C(29)  1.377(5) 
C(28)-H(28A)  0.9500 
C(29)-C(30)  1.382(4) 
C(29)-H(29A)  0.9500 
C(30)-H(30A)  0.9500 
C(31)-C(36)  1.373(5) 
C(31)-C(32)  1.402(5) 
C(31)-Si(1)  1.889(3) 
C(32)-C(33)  1.386(5) 
C(32)-H(32A)  0.9500 
C(33)-C(34)  1.361(5) 
C(33)-H(33A)  0.9500 
C(34)-C(35)  1.352(5) 
C(34)-O(3)  1.384(10) 
C(34)-O(2)  1.395(5) 
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C(35)-C(36)  1.434(5) 
C(35)-H(35A)  0.9500 
C(36)-H(36A)  0.9500 
C(37)-O(2)  1.445(7) 
C(37)-H(37A)  0.9800 
C(37)-H(37B)  0.9800 
C(37)-H(37C)  0.9800 
C(38)-Si(1)  1.872(4) 
C(38)-H(38A)  0.9800 
C(38)-H(38B)  0.9800 
C(38)-H(38C)  0.9800 
C(39)-Si(1)  1.875(3) 
C(39)-H(39A)  0.9800 
C(39)-H(39B)  0.9800 
C(39)-H(39C)  0.9800 
C(40)-C(41)  1.396(4) 
C(40)-C(45)  1.396(4) 
C(40)-Pd(1)  2.051(3) 
C(41)-C(42)  1.394(4) 
C(41)-C(46)  1.512(4) 
C(42)-C(43)  1.371(4) 
C(42)-H(42A)  0.9500 
C(43)-C(44)  1.369(5) 
C(43)-H(43A)  0.9500 
C(44)-C(45)  1.382(4) 
C(44)-H(44A)  0.9500 
C(45)-H(45A)  0.9500 
C(46)-H(46A)  0.9800 
C(46)-H(46B)  0.9800 
C(46)-H(46C)  0.9800 
O(1)-Si(1)  1.5860(19) 
O(1)-Pd(1)  2.0440(18) 
Pd(1)-P(2)  2.1985(7) 
Pd(1)-P(1)  2.3161(7) 
O(3)-C(47)  1.444(9) 
C(47)-H(47A)  0.9800 
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C(47)-H(47B)  0.9800 
C(47)-H(47C)  0.9800 
 
C(2)-C(1)-C(6) 120.0(3) 
C(2)-C(1)-P(1) 116.9(2) 
C(6)-C(1)-P(1) 123.1(2) 
C(1)-C(2)-C(3) 119.3(2) 
C(1)-C(2)-P(2) 119.2(2) 
C(3)-C(2)-P(2) 121.5(2) 
C(4)-C(3)-C(2) 119.9(3) 
C(4)-C(3)-H(3A) 120.1 
C(2)-C(3)-H(3A) 120.1 
C(5)-C(4)-C(3) 120.6(3) 
C(5)-C(4)-H(4A) 119.7 
C(3)-C(4)-H(4A) 119.7 
C(6)-C(5)-C(4) 120.1(3) 
C(6)-C(5)-H(5A) 120.0 
C(4)-C(5)-H(5A) 120.0 
C(5)-C(6)-C(1) 120.2(3) 
C(5)-C(6)-H(6A) 119.9 
C(1)-C(6)-H(6A) 119.9 
C(12)-C(7)-C(8) 119.1(3) 
C(12)-C(7)-P(1) 122.6(2) 
C(8)-C(7)-P(1) 118.0(2) 
C(7)-C(8)-C(9) 119.6(3) 
C(7)-C(8)-H(8A) 120.2 
C(9)-C(8)-H(8A) 120.2 
C(10)-C(9)-C(8) 120.7(3) 
C(10)-C(9)-H(9A) 119.7 
C(8)-C(9)-H(9A) 119.7 
C(11)-C(10)-C(9) 119.5(3) 
C(11)-C(10)-H(10A) 120.3 
C(9)-C(10)-H(10A) 120.3 
C(10)-C(11)-C(12) 120.4(3) 
C(10)-C(11)-H(11A) 119.8 
C(12)-C(11)-H(11A) 119.8 
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C(7)-C(12)-C(11) 120.7(3) 
C(7)-C(12)-H(12A) 119.7 
C(11)-C(12)-H(12A) 119.7 
C(14)-C(13)-C(18) 119.4(3) 
C(14)-C(13)-P(1) 124.6(2) 
C(18)-C(13)-P(1) 116.0(2) 
C(13)-C(14)-C(15) 118.8(3) 
C(13)-C(14)-H(14A) 120.6 
C(15)-C(14)-H(14A) 120.6 
C(16)-C(15)-C(14) 121.8(4) 
C(16)-C(15)-H(15A) 119.1 
C(14)-C(15)-H(15A) 119.1 
C(15)-C(16)-C(17) 119.4(4) 
C(15)-C(16)-H(30o) 120.3 
C(17)-C(16)-H(30o) 120.3 
C(16)-C(17)-C(18) 120.5(4) 
C(16)-C(17)-H(31o) 119.7 
C(18)-C(17)-H(31o) 119.7 
C(17)-C(18)-C(13) 120.0(3) 
C(17)-C(18)-H(18A) 120.0 
C(13)-C(18)-H(18A) 120.0 
C(24)-C(19)-C(20) 119.4(2) 
C(24)-C(19)-P(2) 123.6(2) 
C(20)-C(19)-P(2) 117.0(2) 
C(21)-C(20)-C(19) 120.2(3) 
C(21)-C(20)-H(20A) 119.9 
C(19)-C(20)-H(20A) 119.9 
C(22)-C(21)-C(20) 119.9(3) 
C(22)-C(21)-H(21A) 120.0 
C(20)-C(21)-H(21A) 120.0 
C(23)-C(22)-C(21) 119.8(3) 
C(23)-C(22)-H(22A) 120.1 
C(21)-C(22)-H(22A) 120.1 
C(22)-C(23)-C(24) 121.4(3) 
C(22)-C(23)-H(23A) 119.3 
C(24)-C(23)-H(23A) 119.3 
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C(19)-C(24)-C(23) 119.2(3) 
C(19)-C(24)-H(24A) 120.4 
C(23)-C(24)-H(24A) 120.4 
C(30)-C(25)-C(26) 118.6(3) 
C(30)-C(25)-P(2) 119.5(2) 
C(26)-C(25)-P(2) 121.9(2) 
C(27)-C(26)-C(25) 119.9(3) 
C(27)-C(26)-H(26A) 120.1 
C(25)-C(26)-H(26A) 120.1 
C(28)-C(27)-C(26) 120.5(3) 
C(28)-C(27)-H(27A) 119.8 
C(26)-C(27)-H(27A) 119.8 
C(27)-C(28)-C(29) 120.4(3) 
C(27)-C(28)-H(28A) 119.8 
C(29)-C(28)-H(28A) 119.8 
C(28)-C(29)-C(30) 119.1(3) 
C(28)-C(29)-H(29A) 120.5 
C(30)-C(29)-H(29A) 120.5 
C(25)-C(30)-C(29) 121.5(3) 
C(25)-C(30)-H(30A) 119.2 
C(29)-C(30)-H(30A) 119.2 
C(36)-C(31)-C(32) 116.3(3) 
C(36)-C(31)-Si(1) 124.6(3) 
C(32)-C(31)-Si(1) 119.0(2) 
C(33)-C(32)-C(31) 123.0(4) 
C(33)-C(32)-H(32A) 118.5 
C(31)-C(32)-H(32A) 118.5 
C(34)-C(33)-C(32) 118.6(4) 
C(34)-C(33)-H(33A) 120.7 
C(32)-C(33)-H(33A) 120.7 
C(35)-C(34)-C(33) 121.7(3) 
C(35)-C(34)-O(3) 121.8(13) 
C(33)-C(34)-O(3) 115.0(11) 
C(35)-C(34)-O(2) 123.7(5) 
C(33)-C(34)-O(2) 114.5(5) 
C(34)-C(35)-C(36) 119.1(3) 
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C(34)-C(35)-H(35A) 120.5 
C(36)-C(35)-H(35A) 120.5 
C(31)-C(36)-C(35) 121.2(3) 
C(31)-C(36)-H(36A) 119.4 
C(35)-C(36)-H(36A) 119.4 
Si(1)-C(38)-H(38A) 109.5 
Si(1)-C(38)-H(38B) 109.5 
H(38A)-C(38)-H(38B) 109.5 
Si(1)-C(38)-H(38C) 109.5 
H(38A)-C(38)-H(38C) 109.5 
H(38B)-C(38)-H(38C) 109.5 
Si(1)-C(39)-H(39A) 109.5 
Si(1)-C(39)-H(39B) 109.5 
H(39A)-C(39)-H(39B) 109.5 
Si(1)-C(39)-H(39C) 109.5 
H(39A)-C(39)-H(39C) 109.5 
H(39B)-C(39)-H(39C) 109.5 
C(41)-C(40)-C(45) 118.3(2) 
C(41)-C(40)-Pd(1) 120.09(19) 
C(45)-C(40)-Pd(1) 121.0(2) 
C(42)-C(41)-C(40) 119.2(3) 
C(42)-C(41)-C(46) 120.0(3) 
C(40)-C(41)-C(46) 120.8(3) 
C(43)-C(42)-C(41) 121.1(3) 
C(43)-C(42)-H(42A) 119.4 
C(41)-C(42)-H(42A) 119.4 
C(44)-C(43)-C(42) 120.3(3) 
C(44)-C(43)-H(43A) 119.9 
C(42)-C(43)-H(43A) 119.9 
C(43)-C(44)-C(45) 119.5(3) 
C(43)-C(44)-H(44A) 120.3 
C(45)-C(44)-H(44A) 120.3 
C(44)-C(45)-C(40) 121.5(3) 
C(44)-C(45)-H(45A) 119.2 
C(40)-C(45)-H(45A) 119.2 
C(41)-C(46)-H(46A) 109.5 
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C(41)-C(46)-H(46B) 109.5 
H(46A)-C(46)-H(46B) 109.5 
C(41)-C(46)-H(46C) 109.5 
H(46A)-C(46)-H(46C) 109.5 
H(46B)-C(46)-H(46C) 109.5 
Si(1)-O(1)-Pd(1) 129.39(10) 
C(34)-O(2)-C(37) 113.2(7) 
O(1)-Si(1)-C(38) 115.66(14) 
O(1)-Si(1)-C(39) 112.69(14) 
C(38)-Si(1)-C(39) 106.7(2) 
O(1)-Si(1)-C(31) 106.59(11) 
C(38)-Si(1)-C(31) 106.90(17) 
C(39)-Si(1)-C(31) 107.90(14) 
O(1)-Pd(1)-C(40) 90.25(9) 
O(1)-Pd(1)-P(2) 177.47(5) 
C(40)-Pd(1)-P(2) 90.77(8) 
O(1)-Pd(1)-P(1) 91.92(5) 
C(40)-Pd(1)-P(1) 177.41(8) 
P(2)-Pd(1)-P(1) 87.00(2) 
C(1)-P(1)-C(13) 104.24(13) 
C(1)-P(1)-C(7) 104.80(12) 
C(13)-P(1)-C(7) 106.15(13) 
C(1)-P(1)-Pd(1) 107.03(9) 
C(13)-P(1)-Pd(1) 120.68(9) 
C(7)-P(1)-Pd(1) 112.56(9) 
C(25)-P(2)-C(19) 105.70(12) 
C(25)-P(2)-C(2) 105.39(12) 
C(19)-P(2)-C(2) 102.35(11) 
C(25)-P(2)-Pd(1) 116.15(9) 
C(19)-P(2)-Pd(1) 117.03(9) 
C(2)-P(2)-Pd(1) 108.78(9) 
C(34)-O(3)-C(47) 113.5(10) 
O(3)-C(47)-H(47A) 109.5 
O(3)-C(47)-H(47B) 109.5 
H(47A)-C(47)-H(47B) 109.5 
O(3)-C(47)-H(47C) 109.5 
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H(47A)-C(47)-H(47C) 109.5 
H(47B)-C(47)-H(47C) 109.5 
_____________________________________________________________ 
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Table 39.   Anisotropic displacement parameters (Å2x 103)for ga49qas.  The anisotropic 
displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
______________________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
C(1) 26(1)  28(1) 26(1)  1(1) 13(1)  3(1) 
C(2) 21(1)  29(1) 26(1)  2(1) 11(1)  4(1) 
C(3) 26(2)  40(2) 38(2)  2(1) 13(1)  3(1) 
C(4) 30(2)  46(2) 38(2)  9(1) 8(1)  12(1) 
C(5) 41(2)  33(2) 40(2)  12(1) 14(1)  14(1) 
C(6) 34(2)  28(1) 39(2)  5(1) 16(1)  3(1) 
C(7) 30(1)  28(1) 32(1)  8(1) 15(1)  3(1) 
C(8) 30(2)  93(3) 36(2)  -4(2) 12(1)  7(2) 
C(9) 27(2)  104(3) 55(2)  -5(2) 20(2)  5(2) 
C(10) 45(2)  67(2) 52(2)  11(2) 32(2)  11(2) 
C(11) 42(2)  98(3) 31(2)  0(2) 16(2)  11(2) 
C(12) 29(2)  86(3) 32(2)  0(2) 11(1)  7(2) 
C(13) 34(2)  26(1) 33(1)  -1(1) 7(1)  -2(1) 
C(14) 76(3)  43(2) 53(2)  -3(2) 31(2)  -21(2) 
C(15) 101(4)  42(2) 76(3)  -6(2) 34(3)  -31(2) 
C(16) 97(4)  42(2) 61(2)  -17(2) 12(2)  -8(2) 
C(17) 88(3)  54(2) 70(3)  -28(2) 37(3)  -6(2) 
C(18) 64(2)  51(2) 56(2)  -16(2) 35(2)  -10(2) 
C(19) 24(1)  30(1) 32(1)  2(1) 15(1)  0(1) 
C(20) 36(2)  35(2) 39(2)  -7(1) 20(1)  -2(1) 
C(21) 50(2)  45(2) 41(2)  -5(1) 29(2)  3(1) 
C(22) 50(2)  57(2) 62(2)  -2(2) 42(2)  0(2) 
C(23) 48(2)  53(2) 83(3)  -15(2) 46(2)  -19(2) 
C(24) 44(2)  41(2) 53(2)  -11(1) 30(2)  -8(1) 
C(25) 27(2)  29(2) 31(1)  -6(1) 15(1)  -2(1) 
C(26) 65(2)  40(2) 38(2)  -2(1) 25(2)  4(2) 
C(27) 91(3)  52(2) 35(2)  -9(2) 27(2)  3(2) 
C(28) 79(3)  42(2) 52(2)  -19(2) 29(2)  -7(2) 
C(29) 54(2)  32(2) 50(2)  -7(1) 25(2)  -5(2) 
C(30) 39(2)  30(2) 34(2)  -2(1) 14(1)  -2(1) 
C(31) 33(2)  50(2) 25(1)  -10(1) 13(1)  -8(1) 
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C(32) 48(2)  45(2) 55(2)  -5(2) 31(2)  -6(2) 
C(33) 52(2)  50(2) 54(2)  -2(2) 27(2)  -12(2) 
C(34) 58(2)  60(2) 39(2)  2(2) 19(2)  -17(2) 
C(35) 36(2)  89(3) 34(2)  5(2) -1(1)  -6(2) 
C(36) 44(2)  72(2) 34(2)  5(2) 8(2)  -13(2) 
C(37) 55(3)  97(4) 88(4)  12(4) 6(3)  -22(3) 
C(38) 66(3)  45(2) 51(2)  12(2) -2(2)  -8(2) 
C(39) 53(2)  65(2) 59(2)  -26(2) 34(2)  -22(2) 
C(40) 26(1)  23(1) 27(1)  0(1) 7(1)  -3(1) 
C(41) 28(1)  31(2) 35(2)  1(1) 7(1)  -3(1) 
C(42) 32(2)  28(2) 50(2)  4(1) 3(1)  -2(1) 
C(43) 51(2)  38(2) 43(2)  12(1) 11(2)  -8(2) 
C(44) 51(2)  43(2) 34(2)  4(1) 19(2)  -10(2) 
C(45) 34(2)  32(2) 33(1)  4(1) 11(1)  -4(1) 
C(46) 41(2)  44(2) 55(2)  -3(2) 24(2)  6(2) 
O(1) 25(1)  41(1) 28(1)  0(1) 8(1)  -4(1) 
O(2) 58(2)  93(4) 59(3)  15(3) 7(2)  -36(2) 
Si(1) 30(1)  33(1) 28(1)  -2(1) 10(1)  -6(1) 
Pd(1) 22(1)  23(1) 22(1)  1(1) 10(1)  0(1) 
P(1) 24(1)  25(1) 25(1)  3(1) 10(1)  -1(1) 
P(2) 22(1)  25(1) 25(1)  -1(1) 11(1)  0(1) 
O(3) 55(5)  81(5) 70(5)  7(5) 10(4)  -22(4) 
C(47) 59(5)  84(6) 62(5)  6(5) 12(4)  -29(5) 
______________________________________________________________________________
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Table 40.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 
for ga49qas. 
________________________________________________________________________________ 
 x  y  z  U(eq) 
________________________________________________________________________________ 
 
H(3A) -1516 1604 3572 42 
H(4A) -2267 2697 2340 48 
H(5A) -758 3707 2493 47 
H(6A) 1532 3619 3839 40 
H(8A) 5964 2304 5994 65 
H(9A) 7188 2067 4862 73 
H(10A) 6040 1883 2826 61 
H(11A) 3677 1900 1924 68 
H(12A) 2445 2185 3027 60 
H(14A) 4803 3774 5393 68 
H(15A) 5347 4972 6400 89 
H(30o) 4656 5257 7866 89 
H(31o) 3287 4379 8288 83 
H(18A) 2698 3184 7301 64 
H(20A) 695 1974 7156 42 
H(21A) -872 1970 8001 50 
H(22A) -2572 1013 7453 60 
H(23A) -2755 101 6034 66 
H(24A) -1214 92 5160 51 
H(26A) 277 843 2895 56 
H(27A) -99 -268 1713 71 
H(28A) 203 -1503 2550 69 
H(29A) 904 -1646 4587 53 
H(30A) 1270 -539 5769 41 
H(32A) 6469 3117 8393 56 
H(33A) 8262 3983 8752 61 
H(35A) 10906 2441 10989 70 
H(36A) 9066 1558 10644 63 
H(37A) 12748 3996 10819 133 
H(37B) 12253 3146 10263 133 
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H(37C) 12243 3373 11506 133 
H(38A) 7286 394 9695 95 
H(38B) 5910 313 9878 95 
H(38C) 7199 773 10836 95 
H(39A) 4155 1694 9685 83 
H(39B) 4513 2538 9342 83 
H(39C) 5442 2169 10615 83 
H(42A) 4670 -1416 8205 50 
H(43A) 3823 -1373 9625 56 
H(44A) 2555 -305 9732 51 
H(45A) 2237 754 8472 41 
H(46A) 5087 -871 6677 69 
H(46B) 5324 54 6795 69 
H(46C) 3916 -294 5821 69 
H(47A) 12608 4150 10973 109 
H(47B) 12058 3470 11540 109 
H(47C) 11446 4334 11416 109 
________________________________________________________________________________
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X-Ray Crystal Structure of 113 (ga45xasd) 
Crystal Data and Structure Refinement for ga45xasd: 
Identification code  ga45xasd 
Empirical formula  C56 H53 O P2 Pd Si 
Formula weight  938.41 
Temperature  193(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 21/n   
Unit cell dimensions a = 19.9632(11) Å a= 90°. 
 b = 11.8061(6) Å b= 111.315(3)°. 
 c = 21.5367(12) Å g = 90°. 
Volume 4728.7(5) Å3 
Z 4 
Density (calculated) 1.318 Mg/m3 
Absorption coefficient 0.524 mm-1 
F(000) 1948 
Crystal size 0.56 x 0.18 x 0.12 mm3 
Theta range for data collection 1.74 to 26.78°. 
Index ranges -25<=h<=25, -14<=k<=14, -27<=l<=27 
Reflections collected 61435 
Independent reflections 10045 [R(int) = 0.0591] 
Completeness to theta = 26.78° 99.5 %  
Absorption correction Integration 
Max. and min. transmission 0.9460 and 0.7940 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 10045 / 595 / 668 
Goodness-of-fit on F2 1.009 
Final R indices [I>2sigma(I)] R1 = 0.0370, wR2 = 0.0861 
R indices (all data) R1 = 0.0557, wR2 = 0.0954 
Largest diff. peak and hole 2.124 and -0.654 e.Å-3 
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Figure 49. X-ray crystal structure of 113.
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Table 41.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 
for ga45xasd.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________ 
 x y z U(eq) 
________________________________________________________________________________ 
C(1) 8828(2) 3529(2) 362(1) 30(1) 
C(2) 8860(2) 2386(3) 508(2) 45(1) 
C(3) 9516(2) 1836(3) 762(2) 56(1) 
C(4) 10141(2) 2428(3) 869(2) 52(1) 
C(5) 10115(2) 3551(3) 715(2) 48(1) 
C(6) 9463(2) 4112(3) 464(2) 39(1) 
C(7) 7377(1) 3561(2) 373(1) 28(1) 
C(8) 7314(2) 4011(2) 945(2) 36(1) 
C(9) 6862(2) 3509(3) 1225(2) 44(1) 
C(10) 6462(2) 2568(3) 929(2) 46(1) 
C(11) 6528(2) 2105(3) 367(2) 42(1) 
C(12) 6985(2) 2594(2) 89(2) 36(1) 
C(13) 7628(2) 3923(2) -856(1) 32(1) 
C(14) 6893(2) 3969(2) -1221(2) 38(1) 
C(15) 6632(2) 3757(3) -1899(2) 51(1) 
C(16) 7099(2) 3525(4) -2218(2) 63(1) 
C(17) 7830(2) 3486(4) -1865(2) 61(1) 
C(18) 8098(2) 3676(3) -1182(2) 44(1) 
C(19) 7764(1) 9115(2) -155(1) 26(1) 
C(20) 7020(2) 9210(2) -439(2) 34(1) 
C(21) 6697(2) 9905(3) -982(2) 40(1) 
C(22) 7107(2) 10523(3) -1250(2) 44(1) 
C(23) 7841(2) 10452(3) -971(2) 49(1) 
C(24) 8172(2) 9749(3) -426(2) 38(1) 
C(25) 9077(1) 8554(2) 941(1) 28(1) 
C(26) 9324(2) 9122(2) 1546(2) 34(1) 
C(27) 10045(2) 9402(3) 1841(2) 45(1) 
C(28) 10515(2) 9143(3) 1534(2) 48(1) 
C(29) 10281(2) 8579(3) 935(2) 46(1) 
C(30) 9566(2) 8263(3) 642(2) 38(1) 
C(31) 7702(1) 8509(2) 1106(1) 31(1) 
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C(32) 7517(2) 7660(3) 1456(2) 46(1) 
C(33) 7190(2) 7929(4) 1905(2) 63(1) 
C(34) 7047(2) 9027(4) 2004(2) 58(1) 
C(35) 7227(2) 9881(3) 1660(2) 50(1) 
C(36) 7550(2) 9628(3) 1205(2) 38(1) 
O(1) 8958(2) 5951(3) 1166(2) 57(1) 
Si(1) 9417(1) 5634(1) 1890(1) 40(1) 
C(37) 9331(2) 4132(3) 2128(2) 35(1) 
C(38) 9781(2) 3572(3) 2648(2) 39(1) 
C(39) 9716(2) 2487(2) 2950(1) 40(1) 
C(40) 9184(2) 1730(3) 2588(1) 45(1) 
C(41) 9071(2) 741(3) 2887(2) 52(1) 
C(42) 9491(3) 509(3) 3547(2) 57(1) 
C(43) 10022(2) 1266(3) 3909(1) 63(1) 
C(44) 10135(2) 2255(2) 3611(2) 56(1) 
C(45) 9180(3) 6454(4) 2533(2) 57(1) 
C(46) 10398(2) 5881(5) 2067(3) 53(1) 
C(47) 7144(1) 6444(3) -446(1) 39(1) 
C(48) 7088(1) 6710(3) -1092(1) 53(1) 
C(49) 6415(2) 6883(3) -1584(1) 76(1) 
C(50) 5799(1) 6790(3) -1430(2) 86(2) 
C(51) 5855(1) 6524(3) -784(2) 74(1) 
C(52) 6528(1) 6351(3) -292(1) 54(1) 
C(53) 7736(3) 6816(4) -1269(2) 62(1) 
P(1) 7974(1) 4287(1) 31(1) 27(1) 
P(2) 8144(1) 8117(1) 533(1) 25(1) 
Pd(1) 8073(1) 6188(1) 313(1) 26(1) 
C(54) 4553(2) 10902(3) -263(2) 57(1) 
C(55) 4729(2) 10163(3) -679(2) 55(1) 
C(56) 5177(2) 9264(3) -412(2) 53(1) 
C(57) 7312(5) 6467(15) -583(4) 39(3) 
C(58) 6581(6) 6500(14) -695(5) 52(2) 
C(59) 6087(5) 6720(16) -1330(6) 70(3) 
C(60) 6324(7) 6906(16) -1854(4) 74(3) 
C(61) 7054(8) 6873(14) -1742(4) 61(3) 
C(62) 7548(6) 6653(15) -1107(5) 51(3) 
           
595 
C(63) 6321(9) 6270(20) -144(8) 54(3) 
O(2) 8723(6) 5763(12) 1277(4) 40(3) 
Si(2) 9356(5) 5755(8) 1952(4) 40(1) 
C(64) 9556(9) 4416(10) 2438(6) 53(3) 
C(65) 9357(10) 3356(10) 2321(7) 49(3) 
C(66) 9530(10) 2359(10) 2758(7) 48(3) 
C(67) 10009(10) 2467(12) 3411(8) 57(3) 
C(68) 10055(14) 1618(17) 3873(8) 62(3) 
C(69) 9622(15) 662(17) 3680(10) 58(3) 
C(70) 9143(14) 554(14) 3027(11) 53(3) 
C(71) 9097(12) 1403(11) 2566(8) 50(3) 
C(72) 9224(15) 6811(15) 2555(8) 64(5) 
C(73) 10243(6) 6120(20) 1876(11) 51(4) 
________________________________________________________________________________
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Table 42.   Bond lengths [Å] and angles [°] for ga45xasd. 
_____________________________________________________ 
C(1)-C(2)  1.381(4) 
C(1)-C(6)  1.387(4) 
C(1)-P(1)  1.825(3) 
C(2)-C(3)  1.385(4) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.374(5) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.363(5) 
C(4)-H(4)  0.9500 
C(5)-C(6)  1.383(4) 
C(5)-H(5)  0.9500 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.388(4) 
C(7)-C(12)  1.392(4) 
C(7)-P(1)  1.827(3) 
C(8)-C(9)  1.387(4) 
C(8)-H(8)  0.9500 
C(9)-C(10)  1.381(5) 
C(9)-H(9)  0.9500 
C(10)-C(11)  1.377(5) 
C(10)-H(10)  0.9500 
C(11)-C(12)  1.386(4) 
C(11)-H(11)  0.9500 
C(12)-H(12)  0.9500 
C(13)-C(14)  1.391(4) 
C(13)-C(18)  1.394(4) 
C(13)-P(1)  1.830(3) 
C(14)-C(15)  1.384(4) 
C(14)-H(14)  0.9500 
C(15)-C(16)  1.372(5) 
C(15)-H(15)  0.9500 
C(16)-C(17)  1.379(5) 
C(16)-H(16)  0.9500 
C(17)-C(18)  1.387(5) 
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C(17)-H(17)  0.9500 
C(18)-H(18)  0.9500 
C(19)-C(24)  1.382(4) 
C(19)-C(20)  1.391(4) 
C(19)-P(2)  1.828(3) 
C(20)-C(21)  1.382(4) 
C(20)-H(20)  0.9500 
C(21)-C(22)  1.371(4) 
C(21)-H(21)  0.9500 
C(22)-C(23)  1.370(5) 
C(22)-H(22)  0.9500 
C(23)-C(24)  1.392(4) 
C(23)-H(23)  0.9500 
C(24)-H(24)  0.9500 
C(25)-C(26)  1.387(4) 
C(25)-C(30)  1.394(4) 
C(25)-P(2)  1.821(3) 
C(26)-C(27)  1.387(4) 
C(26)-H(26)  0.9500 
C(27)-C(28)  1.364(5) 
C(27)-H(27)  0.9500 
C(28)-C(29)  1.375(5) 
C(28)-H(28)  0.9500 
C(29)-C(30)  1.386(4) 
C(29)-H(29)  0.9500 
C(30)-H(30)  0.9500 
C(31)-C(32)  1.383(4) 
C(31)-C(36)  1.388(4) 
C(31)-P(2)  1.820(3) 
C(32)-C(33)  1.387(5) 
C(32)-H(32)  0.9500 
C(33)-C(34)  1.360(5) 
C(33)-H(33)  0.9500 
C(34)-C(35)  1.374(5) 
C(34)-H(34)  0.9500 
C(35)-C(36)  1.387(4) 
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C(35)-H(35)  0.9500 
C(36)-H(36)  0.9500 
O(1)-Si(1)  1.541(3) 
O(1)-Pd(1)  2.053(3) 
Si(1)-C(37)  1.871(4) 
Si(1)-C(46)  1.878(3) 
Si(1)-C(45)  1.885(4) 
C(37)-C(38)  1.328(5) 
C(37)-H(37)  0.9500 
C(38)-C(39)  1.464(4) 
C(38)-H(38)  0.9500 
C(39)-C(40)  1.3900 
C(39)-C(44)  1.3900 
C(40)-C(41)  1.3900 
C(40)-H(40)  0.9500 
C(41)-C(42)  1.3900 
C(41)-H(41)  0.9500 
C(42)-C(43)  1.3900 
C(42)-H(42)  0.9500 
C(43)-C(44)  1.3900 
C(43)-H(43)  0.9500 
C(44)-H(44)  0.9500 
C(45)-H(45A)  0.9800 
C(45)-H(45B)  0.9800 
C(45)-H(45C)  0.9800 
C(46)-H(46A)  0.9800 
C(46)-H(46B)  0.9800 
C(46)-H(46C)  0.9800 
C(47)-C(48)  1.3900 
C(47)-C(52)  1.3900 
C(47)-Pd(1)  1.9997(17) 
C(48)-C(49)  1.3900 
C(48)-C(53)  1.481(6) 
C(49)-C(50)  1.3900 
C(49)-H(49)  0.9500 
C(50)-C(51)  1.3900 
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C(50)-H(50)  0.9500 
C(51)-C(52)  1.3900 
C(51)-H(51)  0.9500 
C(52)-H(52)  0.9500 
C(53)-H(53A)  0.9800 
C(53)-H(531i)  0.9800 
C(53)-H(53C)  0.9800 
P(1)-Pd(1)  2.3154(7) 
P(2)-Pd(1)  2.3195(7) 
Pd(1)-C(57)  2.002(5) 
Pd(1)-O(2)  2.072(5) 
C(54)-C(56)#1  1.369(5) 
C(54)-C(55)  1.384(5) 
C(54)-H(54)  0.9500 
C(55)-C(56)  1.371(5) 
C(55)-H(55)  0.9500 
C(56)-C(54)#1  1.369(5) 
C(56)-H(56)  0.9500 
C(57)-C(58)  1.3900 
C(57)-C(62)  1.3900 
C(58)-C(59)  1.3900 
C(58)-C(63)  1.481(8) 
C(59)-C(60)  1.3900 
C(59)-H(59)  0.9500 
C(60)-C(61)  1.3900 
C(60)-H(60)  0.9500 
C(61)-C(62)  1.3900 
C(61)-H(61)  0.9500 
C(62)-H(62)  0.9500 
C(63)-H(63A)  0.9800 
C(63)-H(631i)  0.9800 
C(63)-H(63C)  0.9800 
O(2)-Si(2)  1.540(5) 
Si(2)-C(64)  1.858(6) 
Si(2)-C(73)  1.886(5) 
Si(2)-C(72)  1.888(5) 
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C(64)-C(65)  1.309(6) 
C(64)-H(64)  0.9500 
C(65)-C(66)  1.467(6) 
C(65)-H(65)  0.9500 
C(66)-C(67)  1.3900 
C(66)-C(71)  1.3900 
C(67)-C(68)  1.3900 
C(67)-H(67)  0.9500 
C(68)-C(69)  1.3900 
C(68)-H(68)  0.9500 
C(69)-C(70)  1.3900 
C(69)-H(69)  0.9500 
C(70)-C(71)  1.3900 
C(70)-H(70)  0.9500 
C(71)-H(71)  0.9500 
C(72)-H(72A)  0.9800 
C(72)-H(730i)  0.9800 
C(72)-H(72C)  0.9800 
C(73)-H(73A)  0.9800 
C(73)-H(731i)  0.9800 
C(73)-H(73C)  0.9800 
 
C(2)-C(1)-C(6) 119.0(3) 
C(2)-C(1)-P(1) 121.8(2) 
C(6)-C(1)-P(1) 119.2(2) 
C(1)-C(2)-C(3) 120.4(3) 
C(1)-C(2)-H(2) 119.8 
C(3)-C(2)-H(2) 119.8 
C(4)-C(3)-C(2) 119.9(3) 
C(4)-C(3)-H(3) 120.0 
C(2)-C(3)-H(3) 120.0 
C(5)-C(4)-C(3) 120.1(3) 
C(5)-C(4)-H(4) 120.0 
C(3)-C(4)-H(4) 120.0 
C(4)-C(5)-C(6) 120.5(3) 
C(4)-C(5)-H(5) 119.7 
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C(6)-C(5)-H(5) 119.7 
C(5)-C(6)-C(1) 120.0(3) 
C(5)-C(6)-H(6) 120.0 
C(1)-C(6)-H(6) 120.0 
C(8)-C(7)-C(12) 119.1(3) 
C(8)-C(7)-P(1) 117.4(2) 
C(12)-C(7)-P(1) 123.5(2) 
C(9)-C(8)-C(7) 120.3(3) 
C(9)-C(8)-H(8) 119.8 
C(7)-C(8)-H(8) 119.8 
C(10)-C(9)-C(8) 120.1(3) 
C(10)-C(9)-H(9) 120.0 
C(8)-C(9)-H(9) 120.0 
C(11)-C(10)-C(9) 120.1(3) 
C(11)-C(10)-H(10) 120.0 
C(9)-C(10)-H(10) 120.0 
C(10)-C(11)-C(12) 120.1(3) 
C(10)-C(11)-H(11) 119.9 
C(12)-C(11)-H(11) 119.9 
C(11)-C(12)-C(7) 120.3(3) 
C(11)-C(12)-H(12) 119.8 
C(7)-C(12)-H(12) 119.8 
C(14)-C(13)-C(18) 119.3(3) 
C(14)-C(13)-P(1) 120.1(2) 
C(18)-C(13)-P(1) 120.5(2) 
C(15)-C(14)-C(13) 120.2(3) 
C(15)-C(14)-H(14) 119.9 
C(13)-C(14)-H(14) 119.9 
C(16)-C(15)-C(14) 120.2(3) 
C(16)-C(15)-H(15) 119.9 
C(14)-C(15)-H(15) 119.9 
C(15)-C(16)-C(17) 120.3(3) 
C(15)-C(16)-H(16) 119.9 
C(17)-C(16)-H(16) 119.9 
C(16)-C(17)-C(18) 120.2(3) 
C(16)-C(17)-H(17) 119.9 
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C(18)-C(17)-H(17) 119.9 
C(17)-C(18)-C(13) 119.8(3) 
C(17)-C(18)-H(18) 120.1 
C(13)-C(18)-H(18) 120.1 
C(24)-C(19)-C(20) 118.0(3) 
C(24)-C(19)-P(2) 123.8(2) 
C(20)-C(19)-P(2) 118.1(2) 
C(21)-C(20)-C(19) 121.0(3) 
C(21)-C(20)-H(20) 119.5 
C(19)-C(20)-H(20) 119.5 
C(22)-C(21)-C(20) 120.4(3) 
C(22)-C(21)-H(21) 119.8 
C(20)-C(21)-H(21) 119.8 
C(21)-C(22)-C(23) 119.4(3) 
C(21)-C(22)-H(22) 120.3 
C(23)-C(22)-H(22) 120.3 
C(22)-C(23)-C(24) 120.7(3) 
C(22)-C(23)-H(23) 119.7 
C(24)-C(23)-H(23) 119.7 
C(19)-C(24)-C(23) 120.5(3) 
C(19)-C(24)-H(24) 119.8 
C(23)-C(24)-H(24) 119.8 
C(26)-C(25)-C(30) 119.0(3) 
C(26)-C(25)-P(2) 122.8(2) 
C(30)-C(25)-P(2) 118.1(2) 
C(25)-C(26)-C(27) 120.0(3) 
C(25)-C(26)-H(26) 120.0 
C(27)-C(26)-H(26) 120.0 
C(28)-C(27)-C(26) 120.5(3) 
C(28)-C(27)-H(27) 119.8 
C(26)-C(27)-H(27) 119.8 
C(27)-C(28)-C(29) 120.3(3) 
C(27)-C(28)-H(28) 119.8 
C(29)-C(28)-H(28) 119.9 
C(28)-C(29)-C(30) 120.0(3) 
C(28)-C(29)-H(29) 120.0 
           
603 
C(30)-C(29)-H(29) 120.0 
C(29)-C(30)-C(25) 120.1(3) 
C(29)-C(30)-H(30) 119.9 
C(25)-C(30)-H(30) 119.9 
C(32)-C(31)-C(36) 119.4(3) 
C(32)-C(31)-P(2) 118.4(2) 
C(36)-C(31)-P(2) 122.2(2) 
C(31)-C(32)-C(33) 120.0(3) 
C(31)-C(32)-H(32) 120.0 
C(33)-C(32)-H(32) 120.0 
C(34)-C(33)-C(32) 120.5(3) 
C(34)-C(33)-H(33) 119.8 
C(32)-C(33)-H(33) 119.8 
C(33)-C(34)-C(35) 120.2(3) 
C(33)-C(34)-H(34) 119.9 
C(35)-C(34)-H(34) 119.9 
C(34)-C(35)-C(36) 120.2(3) 
C(34)-C(35)-H(35) 119.9 
C(36)-C(35)-H(35) 119.9 
C(35)-C(36)-C(31) 119.8(3) 
C(35)-C(36)-H(36) 120.1 
C(31)-C(36)-H(36) 120.1 
Si(1)-O(1)-Pd(1) 160.2(3) 
O(1)-Si(1)-C(37) 115.32(18) 
O(1)-Si(1)-C(46) 111.1(2) 
C(37)-Si(1)-C(46) 106.49(18) 
O(1)-Si(1)-C(45) 113.78(19) 
C(37)-Si(1)-C(45) 102.34(19) 
C(46)-Si(1)-C(45) 107.0(2) 
C(38)-C(37)-Si(1) 127.0(3) 
C(38)-C(37)-H(37) 116.5 
Si(1)-C(37)-H(37) 116.5 
C(37)-C(38)-C(39) 131.9(3) 
C(37)-C(38)-H(38) 114.0 
C(39)-C(38)-H(38) 114.0 
C(40)-C(39)-C(44) 120.0 
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C(40)-C(39)-C(38) 119.1(2) 
C(44)-C(39)-C(38) 120.7(2) 
C(41)-C(40)-C(39) 120.0 
C(41)-C(40)-H(40) 120.0 
C(39)-C(40)-H(40) 120.0 
C(40)-C(41)-C(42) 120.0 
C(40)-C(41)-H(41) 120.0 
C(42)-C(41)-H(41) 120.0 
C(41)-C(42)-C(43) 120.0 
C(41)-C(42)-H(42) 120.0 
C(43)-C(42)-H(42) 120.0 
C(44)-C(43)-C(42) 120.0 
C(44)-C(43)-H(43) 120.0 
C(42)-C(43)-H(43) 120.0 
C(43)-C(44)-C(39) 120.0 
C(43)-C(44)-H(44) 120.0 
C(39)-C(44)-H(44) 120.0 
Si(1)-C(45)-H(45A) 109.5 
Si(1)-C(45)-H(45B) 109.5 
H(45A)-C(45)-H(45B) 109.5 
Si(1)-C(45)-H(45C) 109.5 
H(45A)-C(45)-H(45C) 109.5 
H(45B)-C(45)-H(45C) 109.5 
Si(1)-C(46)-H(46A) 109.5 
Si(1)-C(46)-H(46B) 109.5 
H(46A)-C(46)-H(46B) 109.5 
Si(1)-C(46)-H(46C) 109.5 
H(46A)-C(46)-H(46C) 109.5 
H(46B)-C(46)-H(46C) 109.5 
C(48)-C(47)-C(52) 120.0 
C(48)-C(47)-Pd(1) 124.46(14) 
C(52)-C(47)-Pd(1) 115.54(14) 
C(47)-C(48)-C(49) 120.0 
C(47)-C(48)-C(53) 121.0(2) 
C(49)-C(48)-C(53) 119.0(2) 
C(48)-C(49)-C(50) 120.0 
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C(48)-C(49)-H(49) 120.0 
C(50)-C(49)-H(49) 120.0 
C(51)-C(50)-C(49) 120.0 
C(51)-C(50)-H(50) 120.0 
C(49)-C(50)-H(50) 120.0 
C(52)-C(51)-C(50) 120.0 
C(52)-C(51)-H(51) 120.0 
C(50)-C(51)-H(51) 120.0 
C(51)-C(52)-C(47) 120.0 
C(51)-C(52)-H(52) 120.0 
C(47)-C(52)-H(52) 120.0 
C(48)-C(53)-H(53A) 109.5 
C(48)-C(53)-H(531i) 109.5 
H(53A)-C(53)-H(531i) 109.5 
C(48)-C(53)-H(53C) 109.5 
H(53A)-C(53)-H(53C) 109.5 
H(531i)-C(53)-H(53C) 109.5 
C(1)-P(1)-C(7) 105.46(12) 
C(1)-P(1)-C(13) 103.80(13) 
C(7)-P(1)-C(13) 104.82(13) 
C(1)-P(1)-Pd(1) 113.23(9) 
C(7)-P(1)-Pd(1) 110.79(9) 
C(13)-P(1)-Pd(1) 117.68(9) 
C(31)-P(2)-C(25) 105.26(13) 
C(31)-P(2)-C(19) 103.00(12) 
C(25)-P(2)-C(19) 105.02(12) 
C(31)-P(2)-Pd(1) 112.32(9) 
C(25)-P(2)-Pd(1) 110.67(9) 
C(19)-P(2)-Pd(1) 119.36(9) 
C(47)-Pd(1)-O(1) 173.09(14) 
C(57)-Pd(1)-O(2) 170.2(5) 
C(47)-Pd(1)-P(1) 88.11(10) 
C(57)-Pd(1)-P(1) 86.8(5) 
O(1)-Pd(1)-P(1) 93.75(9) 
O(2)-Pd(1)-P(1) 89.4(4) 
C(47)-Pd(1)-P(2) 89.36(10) 
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C(57)-Pd(1)-P(2) 90.3(5) 
O(1)-Pd(1)-P(2) 88.98(9) 
O(2)-Pd(1)-P(2) 93.6(4) 
P(1)-Pd(1)-P(2) 176.86(3) 
C(56)#1-C(54)-C(55) 120.1(4) 
C(56)#1-C(54)-H(54) 119.9 
C(55)-C(54)-H(54) 119.9 
C(56)-C(55)-C(54) 119.8(4) 
C(56)-C(55)-H(55) 120.1 
C(54)-C(55)-H(55) 120.1 
C(54)#1-C(56)-C(55) 120.1(4) 
C(54)#1-C(56)-H(56) 119.9 
C(55)-C(56)-H(56) 119.9 
C(58)-C(57)-C(62) 120.0 
C(58)-C(57)-Pd(1) 123.6(6) 
C(62)-C(57)-Pd(1) 116.4(6) 
C(57)-C(58)-C(59) 120.0 
C(57)-C(58)-C(63) 120.5(4) 
C(59)-C(58)-C(63) 119.5(4) 
C(58)-C(59)-C(60) 120.0 
C(58)-C(59)-H(59) 120.0 
C(60)-C(59)-H(59) 120.0 
C(61)-C(60)-C(59) 120.0 
C(61)-C(60)-H(60) 120.0 
C(59)-C(60)-H(60) 120.0 
C(60)-C(61)-C(62) 120.0 
C(60)-C(61)-H(61) 120.0 
C(62)-C(61)-H(61) 120.0 
C(61)-C(62)-C(57) 120.0 
C(61)-C(62)-H(62) 120.0 
C(57)-C(62)-H(62) 120.0 
C(58)-C(63)-H(63A) 109.5 
C(58)-C(63)-H(631i) 109.5 
H(63A)-C(63)-H(631i) 109.5 
C(58)-C(63)-H(63C) 109.5 
H(63A)-C(63)-H(63C) 109.5 
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H(631i)-C(63)-H(63C) 109.5 
Si(2)-O(2)-Pd(1) 161.4(7) 
O(2)-Si(2)-C(64) 118.1(5) 
O(2)-Si(2)-C(73) 113.0(5) 
C(64)-Si(2)-C(73) 103.2(4) 
O(2)-Si(2)-C(72) 111.9(5) 
C(64)-Si(2)-C(72) 103.2(4) 
C(73)-Si(2)-C(72) 106.2(5) 
C(65)-C(64)-Si(2) 135.8(8) 
C(65)-C(64)-H(64) 112.1 
Si(2)-C(64)-H(64) 112.1 
C(64)-C(65)-C(66) 131.2(8) 
C(64)-C(65)-H(65) 114.4 
C(66)-C(65)-H(65) 114.4 
C(67)-C(66)-C(71) 120.0 
C(67)-C(66)-C(65) 119.4(4) 
C(71)-C(66)-C(65) 119.0(5) 
C(68)-C(67)-C(66) 120.0 
C(68)-C(67)-H(67) 120.0 
C(66)-C(67)-H(67) 120.0 
C(67)-C(68)-C(69) 120.0 
C(67)-C(68)-H(68) 120.0 
C(69)-C(68)-H(68) 120.0 
C(68)-C(69)-C(70) 120.0 
C(68)-C(69)-H(69) 120.0 
C(70)-C(69)-H(69) 120.0 
C(71)-C(70)-C(69) 120.0 
C(71)-C(70)-H(70) 120.0 
C(69)-C(70)-H(70) 120.0 
C(70)-C(71)-C(66) 120.0 
C(70)-C(71)-H(71) 120.0 
C(66)-C(71)-H(71) 120.0 
Si(2)-C(72)-H(72A) 109.5 
Si(2)-C(72)-H(730i) 109.5 
H(72A)-C(72)-H(730i) 109.5 
Si(2)-C(72)-H(72C) 109.5 
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H(72A)-C(72)-H(72C) 109.5 
H(730i)-C(72)-H(72C) 109.5 
Si(2)-C(73)-H(73A) 109.5 
Si(2)-C(73)-H(731i) 109.5 
H(73A)-C(73)-H(731i) 109.5 
Si(2)-C(73)-H(73C) 109.5 
H(73A)-C(73)-H(73C) 109.5 
H(731i)-C(73)-H(73C) 109.5 
_____________________________________________________________ 
Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,-y+2,-z      
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Table 43.   Anisotropic displacement parameters (Å2x 103)for ga45xasd.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 
______________________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
C(1) 32(1)  29(1) 29(2)  2(1) 10(1)  3(1) 
C(2) 41(2)  34(2) 56(2)  9(2) 15(2)  5(1) 
C(3) 55(2)  40(2) 70(3)  21(2) 20(2)  17(2) 
C(4) 42(2)  61(2) 50(2)  10(2) 14(2)  21(2) 
C(5) 34(2)  55(2) 57(2)  -2(2) 18(2)  2(2) 
C(6) 36(2)  36(2) 47(2)  2(1) 17(1)  0(1) 
C(7) 27(1)  26(1) 31(2)  2(1) 9(1)  -1(1) 
C(8) 40(2)  32(2) 36(2)  -4(1) 13(1)  -4(1) 
C(9) 50(2)  47(2) 43(2)  0(2) 25(2)  1(2) 
C(10) 38(2)  49(2) 57(2)  9(2) 24(2)  -3(2) 
C(11) 38(2)  35(2) 50(2)  2(1) 14(2)  -10(1) 
C(12) 40(2)  30(2) 37(2)  -2(1) 13(1)  -5(1) 
C(13) 41(2)  25(1) 29(2)  0(1) 11(1)  1(1) 
C(14) 42(2)  35(2) 35(2)  -2(1) 10(1)  5(1) 
C(15) 51(2)  51(2) 39(2)  -3(2) 2(2)  9(2) 
C(16) 75(3)  75(3) 32(2)  -5(2) 12(2)  13(2) 
C(17) 72(3)  76(3) 43(2)  -5(2) 30(2)  9(2) 
C(18) 45(2)  49(2) 38(2)  0(2) 18(2)  5(2) 
C(19) 28(1)  22(1) 29(1)  -3(1) 9(1)  -2(1) 
C(20) 31(2)  30(1) 40(2)  4(1) 11(1)  -2(1) 
C(21) 34(2)  36(2) 43(2)  4(1) 5(1)  3(1) 
C(22) 51(2)  39(2) 38(2)  13(1) 12(2)  6(2) 
C(23) 48(2)  50(2) 51(2)  20(2) 21(2)  -4(2) 
C(24) 31(2)  41(2) 42(2)  8(1) 12(1)  -2(1) 
C(25) 26(1)  24(1) 33(2)  4(1) 8(1)  -2(1) 
C(26) 33(2)  33(2) 34(2)  -1(1) 8(1)  -4(1) 
C(27) 38(2)  44(2) 42(2)  -4(2) 0(1)  -8(1) 
C(28) 25(2)  48(2) 61(2)  6(2) 3(2)  -7(1) 
C(29) 27(2)  50(2) 63(2)  5(2) 18(2)  1(1) 
C(30) 31(2)  40(2) 42(2)  -4(1) 13(1)  1(1) 
C(31) 26(1)  35(2) 31(2)  1(1) 11(1)  -2(1) 
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C(32) 51(2)  43(2) 55(2)  4(2) 29(2)  -3(2) 
C(33) 71(3)  72(3) 65(3)  14(2) 45(2)  0(2) 
C(34) 51(2)  87(3) 44(2)  3(2) 28(2)  14(2) 
C(35) 51(2)  58(2) 44(2)  -2(2) 19(2)  18(2) 
C(36) 42(2)  37(2) 37(2)  1(1) 17(1)  6(1) 
O(1) 54(2)  35(2) 60(2)  -4(1) -7(2)  1(2) 
Si(1) 51(1)  31(1) 34(1)  -3(1) 10(1)  -5(1) 
C(37) 34(2)  32(2) 29(2)  -7(1) 2(2)  -10(1) 
C(38) 34(2)  31(2) 43(2)  2(2) 3(2)  0(1) 
C(39) 33(2)  34(2) 49(2)  0(2) 11(2)  2(1) 
C(40) 52(2)  30(2) 56(2)  -5(2) 25(2)  -6(2) 
C(41) 62(2)  39(2) 60(3)  3(2) 26(2)  -4(2) 
C(42) 57(3)  40(2) 70(3)  9(2) 20(2)  -4(2) 
C(43) 60(2)  39(3) 78(3)  19(2) 9(2)  -5(2) 
C(44) 48(2)  40(2) 63(3)  23(2) 0(2)  5(2) 
C(45) 77(3)  33(3) 57(3)  -3(2) 20(2)  0(2) 
C(46) 47(2)  51(3) 48(3)  18(2) 2(2)  -5(2) 
C(47) 39(2)  20(2) 43(2)  -2(2) -2(2)  2(2) 
C(48) 65(2)  25(2) 46(2)  -2(2) -6(2)  2(2) 
C(49) 80(3)  38(2) 66(3)  -9(2) -25(2)  10(2) 
C(50) 64(3)  44(2) 96(3)  -17(2) -34(3)  12(2) 
C(51) 38(2)  44(2) 111(3)  -20(2) -6(2)  4(2) 
C(52) 33(2)  30(2) 83(3)  -13(2) 2(2)  -1(2) 
C(53) 94(3)  42(2) 43(2)  4(2) 18(2)  -5(2) 
P(1) 29(1)  23(1) 27(1)  1(1) 9(1)  0(1) 
P(2) 23(1)  23(1) 28(1)  1(1) 8(1)  -2(1) 
Pd(1) 25(1)  22(1) 27(1)  1(1) 6(1)  -1(1) 
C(54) 38(2)  53(2) 78(3)  -1(2) 20(2)  1(2) 
C(55) 41(2)  65(2) 59(2)  -5(2) 18(2)  -9(2) 
C(56) 40(2)  51(2) 74(3)  -14(2) 27(2)  -7(2) 
C(57) 45(4)  15(5) 41(5)  -5(5) -4(4)  -3(5) 
C(58) 41(4)  25(4) 68(4)  -8(4) -9(4)  3(4) 
C(59) 54(5)  36(4) 79(4)  -10(5) -24(4)  6(5) 
C(60) 72(5)  37(5) 69(5)  -8(5) -28(5)  3(5) 
C(61) 79(4)  32(4) 46(4)  2(4) -10(4)  -3(5) 
C(62) 67(5)  27(5) 40(5)  2(5) -1(4)  -9(5) 
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C(63) 28(5)  30(5) 88(5)  -15(5) 2(5)  4(5) 
O(2) 42(5)  24(5) 63(5)  5(4) 29(4)  -13(4) 
Si(2) 51(1)  31(1) 34(1)  -3(1) 10(1)  -5(1) 
C(64) 52(6)  43(5) 51(6)  -4(5) 5(5)  -7(5) 
C(65) 46(5)  41(4) 51(5)  -2(4) 7(4)  -3(4) 
C(66) 48(4)  37(4) 54(4)  1(4) 11(4)  1(4) 
C(67) 52(5)  43(5) 63(5)  9(4) 4(5)  -2(5) 
C(68) 58(5)  44(5) 71(5)  12(4) 7(4)  -1(4) 
C(69) 60(5)  42(4) 67(5)  9(4) 17(4)  -2(4) 
C(70) 59(5)  38(4) 61(5)  6(4) 23(4)  -4(4) 
C(71) 58(5)  33(5) 59(5)  -1(4) 22(5)  -5(5) 
C(72) 85(9)  38(8) 62(8)  -11(7) 19(7)  -1(8) 
C(73) 43(6)  51(9) 42(9)  26(7) -7(6)  9(7) 
______________________________________________________________________________
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Table 44.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 
for ga45xasd. 
________________________________________________________________________________ 
 x  y  z  U(eq) 
________________________________________________________________________________ 
 
H(2) 8428 1975 432 53 
H(3) 9534 1050 862 67 
H(4) 10592 2054 1052 62 
H(5) 10548 3951 780 58 
H(6) 9449 4896 361 47 
H(8) 7582 4665 1146 44 
H(9) 6827 3813 1620 53 
H(10) 6141 2240 1113 55 
H(11) 6259 1449 169 50 
H(12) 7032 2269 -296 43 
H(14) 6568 4147 -1004 46 
H(15) 6129 3772 -2144 61 
H(16) 6919 3390 -2685 75 
H(17) 8151 3329 -2089 73 
H(18) 8601 3639 -938 52 
H(20) 6729 8790 -257 41 
H(21) 6187 9955 -1171 48 
H(22) 6884 10995 -1626 53 
H(23) 8128 10888 -1150 59 
H(24) 8682 9704 -240 46 
H(26) 8998 9319 1759 41 
H(27) 10214 9778 2260 54 
H(28) 11006 9354 1735 58 
H(29) 10609 8405 721 55 
H(30) 9408 7847 236 45 
H(32) 7615 6891 1389 56 
H(33) 7065 7343 2146 76 
H(34) 6822 9203 2312 70 
H(35) 7130 10646 1734 61 
H(36) 7666 10218 962 46 
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H(37) 8922 3726 1848 41 
H(38) 10227 3945 2862 47 
H(40) 8898 1889 2137 54 
H(41) 8708 224 2639 63 
H(42) 9413 -167 3751 68 
H(43) 10309 1107 4360 76 
H(44) 10499 2772 3858 67 
H(45A) 9201 7268 2452 85 
H(45B) 9523 6269 2979 85 
H(45C) 8693 6252 2503 85 
H(46A) 10471 6667 1960 79 
H(46B) 10562 5368 1794 79 
H(46C) 10673 5737 2540 79 
H(49) 6377 7065 -2025 91 
H(50) 5339 6908 -1766 103 
H(51) 5434 6460 -679 88 
H(52) 6566 6169 149 64 
H(53A) 8167 6684 -871 92 
H(531i) 7756 7579 -1441 92 
H(53C) 7715 6255 -1611 92 
H(54) 4243 11526 -447 85 
H(55) 4541 10278 -1148 66 
H(56) 5299 8757 -696 80 
H(59) 5588 6743 -1407 84 
H(60) 5986 7057 -2288 89 
H(61) 7216 7000 -2100 74 
H(62) 8048 6630 -1030 61 
H(63A) 5795 6312 -313 81 
H(631i) 6521 6838 208 81 
H(63C) 6476 5514 37 81 
H(64) 9883 4528 2882 63 
H(65) 9046 3206 1876 59 
H(67) 10304 3120 3543 69 
H(68) 10382 1691 4319 75 
H(69) 9654 81 3995 70 
H(70) 8847 -99 2896 63 
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H(71) 8769 1329 2119 60 
H(72A) 9248 7581 2395 96 
H(730i) 9602 6710 2995 96 
H(72C) 8752 6691 2589 96 
H(73A) 10248 6928 1770 77 
H(731i) 10305 5668 1520 77 
H(73C) 10635 5959 2298 77 
________________________________________________________________________________ 
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